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SURGERY  OF  THE  KNEE-JOINT. 


CHAPTER    I. 

ON  THE  SURGERY  OF  THE  KNEE-JOINT. 

Gentlemen  : — I  propose  to  contrast  the  treatment  of  the 
principal  affections  of  the  knee-joint  and  its  immediate 
neighborhood  as  practised  at  the  present  day  with  that  in 
favor  with  the  leading  surgeons  ten  years  ago. 

The  knee  is  a  region  pre-eminently  fitted  to  be  chosen  for 
such  a  contrast.  It  is  so  superficial  that  the  alterations  pro- 
duced in  it  by  disease  are  manifest  and  clearly  marked.  It  is 
so  liable  to  disease  and  so  exposed  to  accident  that  the  most 
3*outhful  and  inexperienced  surgeon  is  familiar  with  it.  Its 
affections  are  also  types  of  all  surgery;  not  only  are  chronic 
pulpy  disease  of  the  synovial  membrane  of  the  knee  and  cen- 
tral necrosis  of  the  head  of  the  tibia  types  of  similar  affections 
which  attack  the  other  great  synovial  membranes  and  epiph- 
yses of  the  body,  but  even  genu  valgum,  properly  understood, 
is  a  key  to  the  comprehension  of  scoliosis,  of  fiat  foot,  and  of 
other  leading  deformities,  of  which  a  false  patholog^^,  a  false 
etiology,  and  a  misguided  treatment  are  even  to  this  day  too 
frequently  taught  and  practised.  Let  any  one  study  carefully 
the  facts  and  opinions  on  chronic  disease  of  the  knee-joint  to 
be  found  in  the  handbooks  and  monographs  of  ten  A'ears  ago, 
and  he  cannot  fail  to  see  that  in  those  days,  recent  as  they 
are,  the  rich  man  with  chronic  knee-joint  disease  who  sub- 
mitted to  an  operation  was  little  better  than  a  fool,  while  the 
poor  man  who  was  operated  on  in  order  to  get  independence 
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and  the  means  of  earning-  a  living  for  himself  and  his  family 
was  a  hero.  In  short,  ten  or  twelve  years  ago,  it  was  the 
practice,  and  then  the  correct  practice,  founded  on  the  experi- 
ence of  the  time,  to  tell  a  patient  with  a  diseased  knee,  if  he 
was  no  longer  quite  ^^oung-,  that  his  choice  lay  between,  on  the 
one  hand,  immediate  amputation  of  the  thigh,  and,  on  the 
other,  a  long,  tedious  process  of  treatment,  very  likel3'-  involv- 
ing three,  five,  or  even  ten  years'  incapacity  for  following  his 
employment,  and,  as  likely  as  not,  ending  in  amputation  after 
all.  He  had  also  to  be  told  that  his  chances  of  life  and  death 
after  amputation  were  no  better  than  two  to  one.  (Bryant's 
statistics  of  119  amputations  in  patients  between  the  ages  of 
twenty  and  forty.  See  Erichsen,  vol.  ii.,  p.  272,  date  1877.)  If 
the  patient  were  a  child  or  an  adolescent,  not  very  different 
information  could  be  honestly  given.  Amputation  at  that  age 
was  comparatively  safe,  but  excision  was  still  very  dangerous. 
Of  ninet3^-seven  cases  collected  by  Bryant,  twenty-seven  died. 

Scarcely  less  serious  were  the  long  periods  required  for 
treatment  after  excision.  "  Roughly  speaking,  the  average 
duration  of  treatment  (after  excision)  was  about  eight  months,'^ 
wrote  Holmes;  but  this  is  short  compared  to  the  period  dur- 
ing which  the  poor  patients,  almost  all  belonging  to  the  lower 
orders,  probably  required  treatment,  but  did  not  get  it,  from 
sheer  weariness  on  the  part  of  the  doctor  or  the  patient,  or 
the  parents  of  the  latter,,  or  from  the  pressure  of  house-com- 
mittees. 

Now  let  us  turn  to  the  present  time.  In  the  first  place,  it 
is  now,  practically  speaking,  quite  safe  for  a  surgeon  experi- 
enced in  such  operations  to  open*  wide  the  knee-joint  and  ex- 
plore its  every  crevice;  moreover,  within  two  or  three  months 
he  can  expect  to  see  every  part  of  the  joint  and  every  muscle 
acting  on  it  completely  restored  again.  The  history  of  the 
operation  for  suture  of  the  patella  proves  this.  It  is  true  that 
some  unfortunate  results  have  occurred  and  a  few  fatal  ones; 
but  when  we  remember  what  a  large  number  of  sutures  of  the 
patella  have  been  done  by  surgeons  with  little  or  no  practical 
experience  of  such  operations,  and  many  of  them  quite  recent 
converts  to  a  faith  in  antiseptic  surgery,  after  being  trained 
to  habits  absolutely  inconsistent  with  it,  and,  like  all  habits, 
difficult  to  shake  off — when  we  bear  these  facts  in  mind,  we 
should  be  surprised,  not  at  the  occasional  failure  of  the  opera- 
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tion,  but  at  its  freciiient  success.  But  this  is  not  a  mere  ques- 
tion of  numbers.  Look  at  the  quaUty  of  the  success  in  most 
cases  of  antiseptic  suture  of  the  patella,  the  rapid  convales- 
cence, the  perfect  restoration  of  function,  and  the  absence  of 
everj'  sig"n  of  dang-er  from  first  to  last. 

In  the  matter  of  operations,  a  surgeon  can  speak,  after  all, 
only  for  himself,  and  for  those  with  whose  practice  he  is  per- 
sonally familiar;  it  is, therefore,  merely  a  cautious  and  guarded 
mode  of  speaking-,  and  not  vain  boasting,  when  I  say  that  I 
feel  less  fear  now  about  opening  and  examining-  a  knee-joint 
than  I  felt  ten  years  ago  about  excising-  a  fatt}'  tumor.  Not 
that  I  can  count  excisions  of  the  knee  \>x  the  dozen,  but  be- 
cause for  some  j^ears  I  have  been  week  by  week  acting  on  the 
faith  I  have  just  declared,  and  have  found  in  every  bone  and 
every  joint,  and  nearh*  every  cavity  of  the  bod^',  my  confi- 
dence justified.  But  I  never  myself  commenced  to  practise  in 
any  department  of  operative  surg-ery  without  feeling-  the  dis- 
advantages of  inexperience,  and  being,  moreover,  shown  by 
the  course  of  events  what  dang-ers  are  run  by  the  patient  on 
whom  the  surg-eon  tries  his  'prentice  hand.  For  instance,  my 
first  case  of  osteotomy  suppurated  and  did  no  g-ood.  In  only 
two  instances  since  has  a-  single  drop  of  pus  formed,  and  in 
these  two  the  ultimate  result  was  excellent  and  not  long  de- 
layed. In  fact,  let  us  never  forg-et  to  distinguish  between  the 
dangers  of  an  operation  and  of  the  particular  operator  who 
does  it. 

It  is  no  longer  necessary  for  the  honest  surg-eon  to  tell  his 
patient  with  diseased  knee  that  to  submit  to  ojieration  is  to 
run  a  risk  as  great  as  that  of  fighting-  in  a  forlorn  hope.  On 
the  contrary,  given  a  patient  free  from  consumption,  not  hope- 
lessly exhausted  and  broken  down,  and  not  over  forty  years 
of  age,  I  can  honestly  tell  him  that  I  can  open  his  knee-joint 
and  either  remove  the  diseased  parts,  or  excise  the  joint,  or 
amputate,  according  to  what  may  be  required  in  his  individual 
case,  with  no  fear  of  serious  risk  to  life.  And  the  prognosis 
as  reg-ards  the  qualitj-  of  the  limb,  if  saved  by  operation,  is 
also  extraordinarily  improved. 

What  was  the  ordinary  result  of  a  successful  operation  ten 
years  ago  ?  A  limb  greatly  shortened,  the  foot  sometimes 
nearly  on  a  level  with  the  lower  part  of  the  opposite  calf,  the 
knee  often  greatly  bowed  outward  and  bent  forward,  almost 
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always  absolutely  stiff,  and  if  mov'able,  weak  and  unreliable. 
Now,  as  to  shortening-,  I  will,  if  all  be  well,  exhibit  in  the  course 
of  the  session  a  series  of  cases,  each  a  tj^pe  of  a  different  mode 
of  operating-  suitable  for  cases  like  itself.  In  only  one  will  you 
detect  marked  shortening-,  and  that  scarcely  enoug-h  to  be 
either  a  disfigurement  or  an  inconvenience.  In  one  of  these 
cases  there  is  excellent  mobilit}',  and  no  weakness  therewith. 
How  long-  were  they  in  hospital  after  operation  ?  An  average 
of  two  or  three  months  each.  Has  any  sinus  or  sign  of  dis- 
ease remained  ?     No. 

It  remains  now  to  indicate  how  these  improved  results  can 
be  attained.  In  the  first  place,  it  is  now  recognized  that  the 
diseased  soft  parts,  the  degenerated  synovial  membrane,  and 
the  infected  bursas  require  removal  as  much  as  do  the  carious 
portions  of  bone.  Not  a  hint  of  this  was  to  be  read,  at  all 
events  in  English  works,  a  dozen  years  ago.  Secondl3^  healthy 
bone  is,  as  a  rule,  left  alone.  The  practice  of  removing  sound 
bone  or  cartilage,  because  thej^  might  become  diseased  if  left, 
should  now  be  scouted  as  ridiculous,  if  not  monstrous.  What- 
ever liealthy  bone  is  taken  away  is  removed  for  mechanical 
reasons;  e.g.,  to  prepare  two  surfaces  suitable  for  cohesion 
when  speedy  osseous  ankylosis  is  expressly  desired,  or  to  give 
access  to  concealed  parts,  or  to  make  a  channel  for  drainage. 
Thirdly,  when  disease  has  spread  to  the  shaft  of  the  bone,  the 
medulla  is  scraped  out,  and  the  surgeon  does  not  go  on  either 
slicing  away  one  inch  after  another  of  the  shaft,  or  else  pro- 
ceeding to  amputation  instead  of  excision.^  Fourthly,  the 
effect  of  certain  drugs  on  the  diseased  parts  is  known  and 
utilized.  Fifthly,  the  joint  is  opened  in  such  a  way  and  closed, 
after  operation,  b}^  such  means  as  completelj'  restore  the  joint 
capsule  and  the  muscles  and  aponeuroses  around  it.  Sixthly, 
a  better  system  of  drainage  has  been  introduced.  Seventhly, 
dressing  and  after-treatment  have  been  greatly  improved, 
Eightl.y,  after  excision  the  bones  are  wired.  The  diseased  soft 
parts,  the  pulpy  synovial  membrane,  and  so  much  of  the  liga- 
ments and  bursas  as  may  be  diseased,  are  carefully  cut  away 
with  scissors.  In  many  cases  these  are  the  very  centre  and 
focus  of  the  disease,  such  bone  and  cartilage  as  may  suffer 
being  attacked  quite  secondarily,  and  sometimes  to  an  insig- 
nificant extent — as,  for  instance,  Avas  the  case  with  the  young 
woman  whom  I  will  show  you,  who  recovered  rapidly  and  with 
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a  very  movable  joint.  This  excision  of  soft  parts  has  to  he 
done  "witli  great  care  and  thoroughness ;  hut  it  is  not  neces- 
sary to  remove  absolutely  every  vestige  of  disease  in  order  to 
effect  a  cure.  In  this  respect  tuberculosis  of  the  joints  diiTers 
markedly  from  cancer.  As  a  matter  of  fact,  tuberculosis 
tends  to  die  a  natural  death.  Time  will  kill  local  tuberculosis 
unassisted  \>y  the  surgeon.  The  misfortune  is  that  it  is  so 
dilatory  in  the  exercise  of  its  healing  powers  that  very  often 
the  patient  or  his  joint,  or  both,  are  destroyed  before  the  dis- 
ease, but  when  vigorously  helped  by  the  surgeon,  time  wakes 
up  as  it  were.  It  has  been  often  observed,  after  excision  of  a 
joint,  that  tuberculous  granulations  have  sprung  out,  say, 
from  a  sinus  left  by  a  drainage  tube,  lived  a  precarious  exist- 
ence, and  then  perished  spontaneously^,  or  with  very  little  in- 
terference from  the  surgeon.  Nevertheless,  it  is  w^ell  to  ope- 
rate with  the  greatest  possible  care  and  thoroughness. 

Next,  with  regard  to  the  treatment  of  healthy  bone,  it 
used  to  be  the  rule  to  take  aw-ay  the  patella  lest  it  might  be- 
come diseased.  Some  surgeons— e.g.,  P.  H.  Watson,  of  Edin- 
burgh— opposed  the  practice,  but  the^^  were  exceptions.  Now, 
when  once  the  tuberculous  foci  have  been  found  and  thoroughly 
removed,  not  an  atom  of  bone  should  be  cut  away  except  to 
favor  drainage,  or  to  make  opposed  surfaces  fit  after  excision. 
After  a  really  complete  and  sj'stematic  operation  on  a  tuber- 
culous knee-joint  the  fear  of  recurrence  is  small.  And  if  we 
are  to  attempt  to  abolish  it  by  removing-  all  cancellous  bone, 
in  w^hich  the  return  can  possibly  take  place,  amputation  may 
as  well  be  clone  at  once.  In  fact,  those  surgeons  who  wuth 
these  view^s  always  amputate  and  never  excise  are  strictly 
logical.  In  children,  more  bone  and  articular  cartilage  have 
usually  to  go  than  in  adults.  I  have  several  times  completeh', 
or  almost  completely,  scraped  out  the  bony  part  of  the  epiph- 
3'ses,  alwaj's  carefully  leaving  the  so-called  epiphyseal  carti- 
lage, and  removing  no  more  of  the  articular  cartilag'e  than 
was  either  necessary  to  give  entrance  to  the  sharp  spoon,  or 
was  itself  diseased.  The  cartilage  on  those  parts  of  the 
femoral  condj'les  which  actually-  touch  the  opposed  articular 
surface  should  be,  as  far  as  possible,  left  untouched.  Any 
small  diseased  points  in  it  maj^  be  carefully  picked  out.  If 
both  articular  and  semilunar  cartilages  are  healthy,  the  latter 
may  be  left. 
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Now  with  reg-ard  to  drug-s.  Those  best  adapted  for  the 
purpose  are  solutions  of  subhmate  (1  in  1,000),  and  iodoform 
in  crystals.  That  the  latter  has  a  really  specific  influence  on 
the  tuberculous  materies  morhi  (it  is  quite  unnecessary  to 
enter  into  the  question  of  whether  it  is  or  is  not  Koch's  bacil- 
lus) can  scarcely  be  doubted.  Always  should  iodoform  crys- 
tals be  dusted  over  the  surface  operated  on,  and  especiall^^  in 
the  crevices  and  recesses  of  the  joint,  where  there  is  most 
danger  of  portions  of  infected  tissue  having-  been  left  behind. 
To  place  the  iodoform  in  these,  the  cutting-  spoon  may  itself 
be  used,  in  its  capacit}^  as  a  spoon,  not  as  a  cutting-  instru- 
ment. The  iodoform  should  be  i3laced  before  the  Esmarch's 
bandag-e  is  removed  and  while  the  joint  is  dry.  Free  spong-- 
ing-  and  douching-  with  the  sublimate  solution  should  precede 
the  iodoforming-.  It  is  dang-erous,  expensive,  and  not  neces- 
sary to  use  iodoform  extra vag-antl^',  and  the  crystals,  as  being- 
less  quickly  and  easily  absorbed,  are  safer  than  the  g-round 
powder.  An  ethereal  solution  of  iodoform  may  be  used.  It  will 
penetrate  into  every  crevice  and  deposit  a  thin  layer  of  the  drug 
on  ever^"  surface.  But  it  is  irritating  to  the  eyes  of  the  surgeon 
and  his  assistants,  especially  if  it  has  been  long  kept. 

The  manner  of  opening  the  joint  is  very  important.  For  a 
thorough  exploration  of  the  knee-joint  a  transverse  incision  is 
essential,  and  it  must  be  supplemented  by  a  perpendicular  in- 
cision to  open  the  synovial  pouch,  which  extends  upward 
beneath  the  extensor  cruris.  The  transverse  incision  may  di- 
vide either  the  patella  itself  or  the  ligamcntum  patellce;  pref- 
erabl}^  the  former,  I  think.  A  strong  knife  will  cut  a  child's 
patella,  but  an  adolescent  or  adult  requires  a  saw.  I  prefer 
to  divide  the  patella  because  (1)  it  can  be  so  easilj^,  certainl,y, 
and  perfectly  reunited ;  and  (2,  a  minor  and  almost  superflu- 
ous argument)  the  section  shows  accurateh'-  the  condition  of 
the  centre  of  the  bone.  I  doubt  whether  a  sutured  ligament 
is  as  strong  and  trustworth}^  as  a  sutured  bone.  Therefore 
one  should,  if  possible,  avoid  dividing  the  lateral  ligaments. 
When  divided  they  should  be  carefully  sutured  at  the  conclu- 
sion of  the  operation.  A  short  supplementary  incision  may 
be  made  anywhere,  if  required  to  expose  anj^  otherwise  inac- 
cessible angle  or  crevice.  In  the  West  London  Hospital,  some 
years  ago  (September  11th,  1883),  I  introduced  a  new  mode  of 
opening  the   joint,  applicable  when    it    is    not  infected  with 
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tubercular  disease;  e.g.,  Avhen  excision  is  to  be  done  for  injury 
or  for  orthopedic  purposes,  and  particularly  applicable  as  an 
exploratory  incision  in  cases  of  injury  to  the  knee-joint.  It 
consists  in  a  long-  perpendicular  incision  throug-h  the  patella, 
lig-amentum  patellar,  and  anterior  wall  of  the  upper  synovial 
pouch.  Oilier,  of  Lyons,  had  described  and  recommended  this 
incision  a  few  months  before  I  did  it ;  but,  to  the  best  of  m^" 
belief,  mine  was  the  first  case,  and  I  was  led  to  operate  thus, 
certainly  not  by  Ollier's  paper,  of  which  I  had  not  then  heard, 
but  by  the  simple  intention  of  obeying-  one  of  the  first  rules  of 
the  surg-ery  of  the  limbs,  which  is  always  to  prefer  a  longi- 
tudinal incision  wiiere  it  will  sufRce.  The  same  operation  has 
been  recently  and  independently  devised  by  Mr.  Herbert 
Allingham.  I  would  not,  however,  employ  it  for  tuberculous 
disease;  it  does  not,  in  my  opinion,  give  sufficient  view  and 
access  for  operating  thoroughly  and  minutely. 

On  the  table  is  a  specimen  of  a  knee-joint  which  I  explored 
in  this  manner.  The  condyles  were  merely  bruised.  There 
was  a  compound  fracture  just  above  but  not  into  the  joint,  as 
the  exploration  showed.  I  drained  it  for  a  few  days,  and  if 
the  whole  limb  had  done  as  well  as  the  joint  the  specimen 
would  not  be  here.  But  the  lacerated  tendons  and  skin 
sloughed  so  extensively  throughout  the  i^opliteal  space  and 
calf  that  there  was  no  hope  of  getting  a  useful  leg,  and  grave 
risk  of  inability  to  keep  aseptic  the  compound  fracture.  I 
therefore  amputated  the  thigh,  and  the  boy  did  well. 

When  a  patella  has  been  cut  in  two  with  a  knife  or  saw, 
more  care  is  required  to  fit  the  segments  accuratel^^  together 
than  after  a  fracture.  In  the  latter  case  the}'  interlock  like 
the  pieces  of  a  puzzle.  In  the  former  they  readily  glide,  tip, 
or  gape.  Catgut  does  very  well  for  the  suture,  and  in  children 
it  can  be  carried  through  the  cartilaginous  patella  with  a 
sti'ong  needle.  When  there  is  prospect  of  a  movable  joint,  cut 
aponeuroses  should  be  united  with  buried  catgut  sutures.  Cut 
ligaments  should  ahvays  be  so  treated.  The  crucial  ligaments 
should  be  spared  if  possible,  and  thej^  can  be  spared  in  most  of 
the  cases  fitted  for  simple  erasion. 

Now  as  to  drainage.  Special  tubes  should  be  inserted  into 
the  superior  synovial  pouch.  Generally  the  centre  of  the  joint 
is  best  drained  toward  the  side,  the  tube  lying  in  a  channel 
gouged  for  it  in  the  surface  of  one  or  other  cond^ie.     A  special 
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lateral  or  postero-lateral  opening-  may  be  made  for  it.  This 
main  tube  should  be  large,  especially  if  the  joint  has  suppu- 
rated before  operation.  Indeed,  in  that  case  the  tubes  should 
all  be  large  and  permeate  every  part  of  the  joint  and  everj^- 
where  the  abscess  may  have  burrowed.  Secondly,  one  should 
not  be  in  a  hurry  to  remove  these  tubes.  A  fortnight  for  a 
case  which  is  aseptic  is  not  too  much.  And  when  a  case  is 
septic  the  tubes  should  be  kept  in  until  the  knee  is  either 
ankj-losed  or  amputated  if  it  cannot  be  saved.  Endless  mis- 
chief is  done  by  the  eagerness  of  inexperienced  people  to  with- 
draw drainage  tubes. 

With  the  use  of  sublimated  wood-wool  or  turf-moss  pads, 
and  firm  bandaging  and  strapping,  aseptic  cases  will  heal 
under  one  dressing,  but  a  pedantic  desire  to  obtain  this  is  to 
be  deprecated.  If  pain  or  a  rise  of  temperature  occur,  and 
cannot  be  plainly  referred  to  some  obvious  or  removable  cause, 
it  is  best  to  dress  at  once.  Recurrent  and  secondary  hemor- 
rhages used  to  be  particularly  frequent  after  excision  of  the 
knee.  I  always  bandage  the  turf-moss  or  wood-wool  pads 
very  firmly  down  at  the  first  dressing,  and  the  next  day  relax 
any  uncomfortable  pressure  by  snipping  with  the  scissors, 
afterward  stretching  strips  of  strapping  across  any  gaping 
interval.  Sometimes,  especiall}^  in  children,  I  do  not  tie  a 
single  arter^^,  but  apply  the  dressings  before  having  the 
Esmarch's  band  removed.  Since  I  have  used  thick  sublimated 
pads  of  turf-moss  or  wood-wool  I  have  never  been  troubled 
with  hemorrhage.  They  should  be  bandaged  on  very  firmly 
and  evenly,  and  the  limb  kept  much  elevated  for  the  first 
twentj'-four  hours.  Some  surgeons  do  not  use  Esmarch's 
bandage  for  fear  of  troublesome  recurrent  hemorrhage  after 
it.  No  such  fear  need  be  felt  when  the  value  of  such  a  mode 
of  dressing  and  elevating  as  that  just  described  is  properly 
appreciated.  I  have  seen  great  and  even  dangerous  shock 
after  excision  of  the  knee  without  the  use  of  the  bandage. 
The  more  I  see  of  operative  surgery,  the  more  am  I  convinced 
that  so-called  shock  is  generally  due  almost  entirely  to  loss  of 
blood,  or,  at  all  events,  that  most  of  what  is  serious  and  dan- 
gerous in  shock  is  due  to  hemorrhage.  Another  cause  of  shock 
is  a  long  operation  and  its  necessary  accompaniment,  prolong- 
ation of  the  anaesthesia.  With  a  bloodless  limb,  one  can  ope- 
rate faster,  and,  at  the  same  time,  better. 
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One  of  the  g-reatest  essentials  of  aftei-treatment  is  perfect, 
continuous,  undisturbed  fixation.  Nothing  secures  this  so 
well  as  plaster-of-Paris,  But  its  universal  use  is  very  waste- 
ful of  the  surg-eon's  time,  which  is  no  more  an  inexhaustible 
quantity  in  a  civil  hospital  than  on  the  field  of  battle.  I  have 
therefore  sometimes  put  up  fresh  excisions  with  movable 
splints  for  the  first  fortnight,  b}^  which  time  the  wound  is 
usually  almost  healed  and  the  discharge  has  ceased,  so  that  a 
small,  thin,  antiseptic  dressing  suffices.  Over  this  a  plaster-of- 
Paris  case  fits  much  better  and  more  effectively  than  over  a 
large  turf -moss  or  wood-wool  pad.  During  the  first  fortnight 
a  weight  extension  may  be  found  comfortable  and  satisfactory 
after  erasion.  It  would  be  out  of  place  in  excision  cases,  on 
account  of  the  wires  with  which  the  bones  should  always  be 
fixed  together.  Many  surgeons  prefer  nails  or  screws  to 
wires.  I  do  not  think  anything  can  be  simpler  or  handier  or 
more  effective  than  wires.  Two  are  required,  one  on  each  side. 
They  can  be  either  buried  permanently  or  arranged  for  re- 
moval. In  the  latter  case  the}^  should  be  left  for  two  months. 
Perfect  osseous  ankylosis  must  not  be  reckoned  on  under 
several  months  after  any  form  of  operation,  not  even  when 
plaster-of-Paris  is  used  continuously. 

If  it  is  asked  to  whom  all  the  alterations — improvements,  I 
hoi^e — above  noticed  are  due,  it  becomes  difficult  to  do  justice 
to  the  West  London  Hospital  and  to  others  at  the  same  time. 
Primarily  they  are  the  logical  outcome  of  a  belief  in  antiseptic 
surgery  and  of  the  application  of  a  variet}^  of  means  due  to 
different  inventors,  not  the  least  important  being  Esmarch's 
bandage  and  the  sublimated  pads  brought  here  from  Ger- 
man}'.  With  regard  to  operative  measures,  incisions,  modes 
of  drainage,  sutures,  etc.,  I  can  honestl}^  say  that  most  of 
those  I  use  I  have  worked  out  for  myself,  but  I  must  add  (1) 
that  many  are  the  same,  or  nearly  the  same,  as  have  been 
latety  described  by  French,  German,  and  American  surgeons; 
and  (2)  that  I  did  not  divide  the  patella  transversely  until  I 
had  seen  a  case  of  Mr.  Golding-Bird's.  He,  I  believe,  had  been 
anticipated  by  Volkmann,  who  got  the  start  of  all  of  us  Eng- 
lish surgeons  in  these  matters,  and  who  is,  moreover,  a  genius. 
To  Mosetig-Moorhof,  of  Vienna,  more  than  to  any  one  else,  we 
own  the  anti-tuberculous  use  of  iodoform.  I  was  using  pure 
carbolic   acid    for    the    purpose   when   I  heard    of    Mosetig- 
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Moorliofs  observations,  and  I  had  g-ood  results  with  it;  but 
iodoform  has  obvious  and  great  advantages  over  a  drug  so 
caustic.  I  used  to  entirely  cover  the  dressing  with  elastic 
bandage  before  the  turf-moss  pads  came  over.  While  house- 
surgeon  in  Birmingham,  I  learnt  from  Gamgee  the  value  of 
pressure.  Some  British  surgeons  have  also  been  working  suc- 
cessfully with  erasion,  especiallj^  Wright,  of  Manchester.  If  I 
needed  anything  to  confirm  my  faith  in  the  methods  I  have 
described,  enough  could  be  found  in  a  recent  paper  by  Pro- 
fessor Oilier,  of  Lyons,  the  first  authority  in  France  on  this 
subject,  and  second  to  none  in  Europe.  The  procedures  he 
recommends  are  very  similar  to  those  in  use  at  the  West 
London. 

Such,  gentlemen,  is  a  brief  outline  of  what  can  be  done, 
and  what  I  believe  ought  to  be  done,  in  cases  of  chi'onic  knee- 
joint  disease  fitted  for  operative  treatment.  It  is  but  an  out- 
line. Each  division  of  the  subject  would  suffice  for  a  complete 
paper,  but  I  think  3'ou  would  now  be  more  wearied  than  you 
are,  had  my  address  been  devoted  wholly  to  some  single  ques- 
tion, such  as  how  to  drain  the  knee  after  excision,  or  how  to 
dress  it  after  erasion.  I  would  have  liked  to  have  described 
Annandale's  operation  for  subluxation  of  the  knee — which  I 
have  tried.  It  consists  in  suturing  the  too  movable  semilunar 
cartilage  to  the  superjacent  fascia  lata  and  aponeurosis. 
Concerning  simple  drainage  of  the  knee  there  is  much  to  be 
said.  Of  suture  of  the  fractured  patella  you  must  have  heard 
and  read  ad  nauseam.  Amputation  through  the  knee-joint 
is  a  subject  of  great  interest,  of  which  our  fellow-member,  Mr. 
Pick,  has  had  exceptional  experience.  I  will  only  say  that  I 
prefer  Gritti's  method  to  any  other.  Then  there  are  many 
diseases  commonly  called  of  the  knee,  but  really  affecting 
neighboring  structures — e.g.,  genu  valgum,  genu  varum,  and 
also  contractures  and  paralyses.  And  what  a  valuable  addi- 
tion to  the  surgeon's  means  is  MacEwen's  osteotomy  for  genu 
valgum ! 

But  time,  which  can  bring  even  tuberculous  processes  to 
an  end,  must  stop  even  this  long  and,  I  fear,  wearisome  ad- 
dress. I  Avould  like,  in  concluding,  to  ask  you  not  to  imagine, 
because  I  have  spoken  almost  entirely  of  operations,  that  I 
recognize  no  other  surgery  of  the  knee-joint.  Sea-air,  rest, 
plaster-of-Paris,  and  more  than  one  variety  of  splint  are  inval- 
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uable  means  which  no  reasonable  person  should  underrate. 
But  to-nig'ht  I  thoug'ht  I  could  interest  you  more  by  talking- 
about  other  things;  that  is  all.  It  would  ill  become  me  to  sit 
down  without  referring-  to  my  predecessors  in  this  chair — to 
those  who,  not  less  tlian  your  election,  have  made  it  an  honor 
to  preside  here.  We  are  a  semi-suburban  society — the  most 
successful  and  important  suburban  scientific  society  in  the 
world,  I  would  venture  to  boast;  and  in  what  respect  have  Ave 
been  more  successful  than  in  our  past  presidents?  I  have 
neither  the  learning-  nor  classical  culture  of  Dr.  Vinen,  nor  the 
wide  knowledge  of  Dr.  Thudichum  combined  with  originality. 
Nor  can  I  claim  the  natural  dignity  and  charm  of  manner  of 
Mr.  Hemming-,  or  the  perfect  common  sense  and  experience  of 
Mr.  Lawrence.  But  I  hope  and  believe  that  I  do  share  with 
Dr.  Alderson  in  feeling  a  most  intense  desire  for  the  success 
of  this  society,  and  appreciation  of  the  honor  you  have  done 
me.  Such  feelings  have  been  the  guiding-star  of  mj-  immedi- 
ate predecessor.  The}'  have  shone  out  as  plainly  and  brightly 
as  any  lighthouse-lamp  or  beacon-fire,  visible  not  onl}'  to  our 
late  captain  himself,  but  to  every  one  of  his  crew.  And  now 
the  helm  is  handed  over  to  me,  I  have  but  to  remember  the 
past  year  in  order  to  carry  in  mind  a  chart  for  the  future. 


CHAPTEE  II. 

THE  RESPONSIBILITY  PLACED  ON  THE  PHYSICIAN  AND 
GENERAL  PRACTITIONER  BY  THE  MODERN  PROGRESS 
OF  SURGERY. s 

Gentlemen  : — The  eloquent  Cavendish  Lecture  recently  de- 
livered before  our  Society  by  Sir  William  Stokes,  dealt  with 
the  altered  relations  of  medicine  and  surg-ery  to  each  other, 
and  called  attention  more  especially  to  the  marvellous  increase 
which  has  occurred  in  our  times  of  the  power  of  surg-ery  to 
cure  internal  diseases  and  deeply-seated  injuries. 

I  would  like  to  recur  to  the  same  subject,  only  less  broadly, 
confining-  these  remarks  to  certain  points.  If  the  fullest  and 
most  successful  use  is  to  be  made  of  the  increased  power  of 
surgery,  it  is  absolutel^^  necessar^^  that  there  shall  be  culti- 
vated to  the  utmost  the  systematic  co-operation  of  the  physi- 
cian with  the  surgeon.  In  the  term  "  physician "  is  included 
the  general  practitioner,  who  cannot  be  more  accuratelj^  de- 
scribed by  any  name  than  that  of  "family  physician."  A 
second  necessity  is  that  there  should  spread  widely  through- 
out the  whole  profession  a  good  working-  knowledg-e  of  the 
earliest  symptoms  of  such  affections  as  intestinal  obstruction, 
perforation  of  the  appendix  vermiformis,  or  of  other  parts  of 
the  digestive  tract,  rupture  of  the  stomach,  or  of  the  bladder, 
or  of  the  kidney,  renal  calculus,  peritonitis,  perityphlitis,  the 
various  affections  of  the  female  generative  organs,  amenable 
to  surgical  treatment,  and,  passing  to  another  part  of  the 
person,  intra-cranial  abscess  and  hemorrhage  and  tumor.  This 
anything  but  exhaustive  list  is  given  by  way  of  example. 
Now,  how  manj^  men  are  there  in  this  room,  how  many  are 
there  in  this  cit}^  how  many  in  Great  Britain,  who  have  as 
good  a  practical  knowledge  of  the  diagnosis  of,  say,  not  onl3' 
intra-cranial  abscess,  but  even  of  renal  calculus  and  acute  in- 
tussusception as  they  have  of  typhoid  fever  and  of  pneumonia? 
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Let  our  own  consciences  reply.  And  3'et  these  things,  which 
are  so  obscure  to  many  of  us,  are  not  so  exceedingly  rare;  they 
are  also  terribly  fatal,  but  wonderfully  remediable  by  correct 
surgery  promptly  applied,  while  such  diseases  as  pneumonia 
and  typhoid  often  require  no  active  treatment  whatever.  At 
all  events,  in  dealing  with  the  latter,  a  policy  of  waiting  until 
the  diagnosis  is  clear  may  do  no  harm. 

But  in  the  case  of  almost  all  the  acute,  and  some  of  the 
subacute,  internal  diseases  now  brought  into  the  province  of 
surgery-,  to  wait  is  to  be  lost.  I  would  like  to  go  into  detail 
and  tell  of  case  after  case  in  which  the  surgeon  was  appealed 
to  by  the  practitioner,  or  even  by  the  consulting  physician, 
only  when  the  shadow  of  approaching  death  had  already  crept 
over  the  patient.  But  as  each  case  would  be  recognizable  by 
those  who  had  to  do  with  it,  there  would  be  danger  of  appear- 
ing to  reproach  individuals,  and  to  reproach  at  all  is  the  last 
end  I  have  in  view.  I  know  too  well,  and  feel  too  strongly, 
how  intensely  difficult  is  the  path  we  have  to  tread,  how  inac- 
cessible the  ideal  goal  at  which  we  should  aim.  Nevertheless^ 
let  us  set  up  this  ideal,  and  with  kindness  and  earnestness 
encourage  each  other  to  struggle  onward  toward  it. 

A  first  word  of  encouragement  with  regard  to  cases  of  in- 
testinal obstruction  is  this:  It  is  almost  always,  when  once 
the  abdominal  cavity  is  opened,  easy  to  speedily  discover  the 
exact  nature,  locality,  and  anatomical  extent  of  the  trouble. 
Such  manoeuvres  as  passing  yards  of  small  intestine,  inch  by 
inch,  through  the  fingers  are  things  to  read  about  in  books 
and  avoid  in  practice.  Often  an  intussusception  can  be  felt  at 
once;  man^^  have  been  discovered  through  the  abdominal  wall 
or  per  rectum  before  the  operation.  The  first  coil  of  intestine 
that  appears  in  the  wound,  frequently,  b^^  its  inflamed  appear- 
ance, growing  fainter  in  one  direction,  and  more  intense  in 
another,  guides  straiglit  to  the  constricting  band  or  other 
source  of  mischief. 

Secondly,  the  seat  of  disease  or  injury  once  found,  it  can 
usually  be  easily  reached  and  dealt  with  in  whatever  part  of 
the  abdomen  it  may  be.  For  instance,  although  the  promon- 
tory of  the  sacrum  and  the  right  sacro-iliac  synchondrosis 
cannot  be  dragged  out  of  the  abdominal  incision,  the  latter 
can  be  pressed  backward  toward  them.  Let  no  one,  there- 
fore, be  deterred  from  counselling  operation  for  intestinal  ob- 
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struction  by  the  idea  that  the  seat  of  disease  will  be  either 
difficult  to  find  or  to  g"et  at. 

Thirdly,  an  abdominal  exploration,  properly  conducted,  in  a 
case  not  too  far  gone,  can  be  made  with  almost  absolutely  no 
danger.  Here  is  a  typical  example :  Some  years  ago  a  man 
was  admitted  into  W.  L.  H.  ward  of  the  West  London  Hospi- 
tal with  symptoms,  recent  and  not  severe,  of  strangulated  or 
obstructed  hernia.  It  was  thought  that  the  contents  of  the 
sac  might  be  hooked  back  easily  from  within  the  abdomen. 
Two  fingers  were  inserted  through  a  small  opening  in  the 
linea  alba  and  the  attempt  made.  As  much  force  was  used  as 
was  reasonable,  but  in  vain.  Then  a  reg'ular  ordinary  herniot  ■ 
oni}'^  was  done,  and  omentum  found  adherent  to  the  fundus  of 
the  sac,  which  accounted  for  the  irreducibility  «  tergo.  The 
sac  and  omentum  were  excised.  Recovery  was  as  quick  and 
uncomplicated  as  could  be.  The  median  abdominal  incision 
produced  no  ill-effects  whatever.  Now  let  us  suppose  that  the 
same  man  had  had  similar  symptoms,  but  no  hernia.  He 
would  have  been  a  type  of  those  cases  in  which  there  are  sus- 
picious but  not  conclusive  signs  of  intestinal  obstruction. 
Better  that  twenty  such  barren  explorations  should  be  made 
than  that  physician  or  surgeon  should  sit  down  and  watch 
one  g-enuine  case  of  intestinal  obstruction  steadily  and  surely 
perish.  But  even  in  the  practice  of  the  most  inveterate  dis- 
coverer of  mares'  nests,  no  such  proportion  of  barren  explora- 
tions to  successful  operations  would  occur.  There  would  more 
likelj'  be  tAventy  of  the  latter  to  one  of  the  former.  For, 
really,  the  serious  cases  are  generally  plain  enoungh,  even 
after  a  few  hours.  The  acute  pain,  the  g-ushing  vomit,  the 
collapse,  the  constipation  which  mark  acute  obstruction,  do 
not  form  a  collection  of  symptoms  which  are  every  day  seen 
to  clear  themselves  up.  And  there  is  usually  a  significant 
history  to  help  to  the  diagnosis  of  a  case  of  chronic  obstruc- 
tion. 

With  regard  to  acute  obstruction,  the  case  is  well  put  by 
Mr.  Greig-Smith  in  his  most  interesting  and  valuable  work  on 
abdominal  surger3^  "At  once,  or  within  a  few  hours,  we 
ought  to  make  a  definite  diag*nosis.  If  we  are  convinced  that 
it  is  acute  obstruction,  then  operation  should  be  performed  at 
once;  if  we  are  convinced  that  it  is  not,  another  treatment 
equall}'^  definite  ought  to  be  pursued.     From  the  beginning  a 
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definite  plan  of  treatment  oug-ht  to  be  laid  down,  and  this  plan 
oug'ht  to  be  adhered  to.  Let  it  be  either  drug-s  or  operation, 
and  never  that  fatal  compromise — operation  when  drugs  fail." 

In  the  surg-ery  of  the  brain,  to  which  Sir  William  Stokes 
particularly  called  our  attention  b}^  his  narration  of  his  own  in- 
structive cases,  quick  diag-nosis  is  not  of  so  g-reat  importance 
as  correctness,  especialh'  in  the  matter  of  localization.  But  it 
is  possible  to  throw  very  valuable  time  away,  and,  especially 
in  the  treatment  or  negflect  of  surgical  treatment  of  some  of 
the  ear  diseases  which  lead  to  so  larg-e  a  proportion  of  the 
cerebral  abscesses  which  occur.  And  correct  localization  is 
often  g'reatl3^  assisted  by  careful  observations  of  where  such 
symptoms  as  paralysis  and  spasms  begin.  The  earliest  of 
these  symptoms  are  the  most  valuable.  When  the  progress 
of  the  case  has  made  paralysis  more  or  less  general  then  the 
symptoms  no  longer  point  to  a  particular  centre.  (A  patient 
with  suspected  lesion  of  the  brain  or  its  membranes  should  be 
attentively  and  frequentlj^  watched,  as  the  first  symptoms  of 
cerebral  irritation,  e.g.,  convulsions,  give  the  most  valuable 
indication  of  the  localization  of  the  injury;  also  the  tempera- 
ture should  be  taken  frequently,  as  an  ominous  rise  may  be 
sudden  and  rapid.  Dr.  Robertson  of  Glasgow  thinks  an  in- 
telligent observer  should  be  in  constant  attendance  on  such 
cases.) 

In  general  surgery  it  is  equally  important,  if  full  advan- 
tage is  to  be  taken  of  the  improvements  made  by  Lister  and 
others,  to  act  in  time.  Volkmann  introduced  the  practice  of 
classifying  ami^utations,  for  statistical  purposes,  into  ''com- 
plicated" and  "uncomplicated,"  the  former  being  such  as 
those  in  which  pyaemia  previously  existed.  In  the  class  of 
cases  termed  "  uncomplicated "  the  improvement  in  results 
which  has  followed  the  introduction  of  Listerism  is  well  known 
to  be  wonderful.  Not  so  with  regard  to  "complicated"  or 
pytemic  cases.  These  do  very  little  better  now  than  formerly. 
(For  instance,  Billroth's  statistics  show  a  gradual  decline  of 
the  death-rate  after  major  amputations  in  non-complicated 
cases  from  35.1  per  cent  to  5.7  per  cent;  and  of  "complicated  " 
cases  he  still  lost  10  out  of  IT.)  It  is,  even  in  1888,  still 
useless  to  lock  the  stable-door  when  the  horse  is  stolen. 
In  short,  gentlemen,  antiseptic  surgery  can  do  marvels 
but  not  miracles.  In  order  that  it  may  do  successfully  its 
11—23 
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mighty  share  in  the  salvation  of  human  life,  and  the 
alleviation  of  human  miseiy,  it  requires  primarily  and 
essentially  an  extensive  and  sound  knowledge  of  symptoms 
and  power  of  diagnosis  on  the  part  of  the  great  body  of  the 
profession.  This  task  of  early  diagnosis  may  be,  in  fact  is, 
difficult,  but  it  is  honorable  exactly  in  proportion  to  its  diffi- 
culty. The  acute,  well-read,  observant,  and  thoughtful  man 
who  diagnoses  and  localizes  a  cerebral  abscess,  whether  he  be 
consulting  physician  or  country  practitioner's  apprentice,  de- 
serves more  credit  than  the  surgeon  who,  proceeding  by  rule 
of  thumb,  just  as  he  would  if  carving  a  turkey,  lets  out  the 
pus.  The  general  standard  of  medical  attainments  is  not  now 
what  it  was,  and  the  time  is  gone  by  when  the  highest  ambi- 
tion of  practitioners  was  thought  to  be  duly  satisfied  when, 
in  the  history  of  a  case,  they  were  merely  named  as  having 
sent  it  to  tne  consultant. 
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CHAPTER    I. 

DISEASES   OF   THE   CORNEA. 


A  VEKY  larg-e  proportion  of  ophthalmic  cases  consist  of 
ulceration  of  the  cornea  of  one  or  other  type,  the  following- 
being*  the  most  common:  1.  Phlyctenules,  or  phlyctenular 
ulcers;  2,  Strumous,  or  asthenic  ulcers;  3.  Serpig-inous  ulcers; 
4.  Ulceration  accompanying  disease  of  the  palpebral  conjunc- 
tiva, such  as  purulent  ophthalmia,  or  g-ranular  lids. 

1.  A  phlyctenule  consists  of  a  small  yellowish-white  eleva- 
tion on  the  surface  of  the  cornea  or  the  conjunctiva  at  or  near 
the  sclero-corneal  marg-in.  If  on  the  cornea  it  tends  to  ad- 
vance toward  the  centre,  and  a  narrow  leash  of  vessels  runs 
to  it  from  the  margin.  The  phlyctenule  consists  at  first  of  an 
accumulation  of  lymphoid  cells  immediately  beneath  the  raised 
epithelium,  and  these  may  be  absorbed  without  going  on  to 
ulceration,  although  very  commonly  the  latter  ensues.  Ulti- 
mately a  small  nebula  is  left,  and  the  little  band  of  vessels 
ceases  to  be  pervious,  although  its  track  may  be  recognized 
long  afterward  hy  means  of  direct  examination  with  the 
ophthalmoscope. 

Phh'ctenular  ulcers  are  usually  accompanied  hy  a  fair 
amount  of  congestion  of  the  eye;  often  cause  considerable 
photophobia,  and  show  a  marked  tendency  to  relapse.  Those 
occurring  around  the  corneal  margin  are  the  most  difficult 
to  cure;  usually  healing  takes  place  under  treatment  in  the 
course  of  one  to  three  weeks.  In  some  cases  muco-purulent 
conjunctivitis  supervenes  on  an  attack  of  phlytenules,  or  vice 
versa.    Although  occasionally  seen  in  adults  apparentlj^  of 
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perfect  health,  phlyctenular  ulceration  is  met  with  generally 
in  children,  especially  following-  measles,  or  some  other  erup- 
tive disorder.  Blepharitis,  pustular  eczema  of  the  head  and 
face,  and  enlarged  cervical  glands  are  common  accompani- 
ments. 

Treatment. — Relieve  photophobia  b^^  the  use  of  a  shade  in 
front  of  both  eyes;  improve  the  general  health  by  outdoor  ex- 
ercise ;  good  plain  food  (especially  plenty  of  milk  in  the  case 
of  young  children) ;  and  give  cod-liver  oil,  syrup  of  phosphate 
of  iron,  or  some  other  tonic,  if  the  patient  is  obviously  out  of 


Fig.  1.  -Diagrammatic  section  of  the  eye:— a,  macula  lutea,  or  yellow  spot;  b.  sclerotic; 
c,  choroid;  d,  inner  layer  of  retina:  e,  lens;  /,  indicates  the  position  of  pyramidal  or  ante- 
rior polar  cataract;  g,  dotted  line  in  the  position  of  lamellar  cataract;  h,  ciliary  body;  i, 
position  of  posterior  polar  cataract.  1,  section  through  sclero-corneal  margin,  as  made  in 
iridectomy  for  glaucoma;  2,  section  for  extraction  of  cataract.  Both  these  incisions  are 
usually  made  at  the  upper  border  of  the  cornea,  but  for  the  sake  of  clearness  are  introduced 
at  opposite  sides  in  the  diagram. 

health.  In  nearly  all  cases  the  use  of  the  j^ellow  oxide  and 
atropia  ointment  will  be  found  to  answer  well.     Formula: 

Hydrargyri  oxidi  flavi, .        .        .        .        gr.  viij. 

Atropine  sulphatis,  .        .        .        .        gr.  iv. 

Vaselini, 3  i- 

With  a  small  brush  a  little  of  this  ointment  is  inserted  within 
the  lids  twice  daily ;  in  cases  in  which  no  photophobia  exists 
the  atropine  maj'-  be  dispensed  with,  and  if  the  application 
cause  much  pain,  etc.,  a  weaker  ointment  should   be   used. 
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Should  this  treatment  fail,  a  little  calomel  ma^-  be  dusted  into 
the  e\'e  once  a  day.  Some  authorities  recommend  the  occa- 
sional application  of  nitrate  of  silver  solution  (ten  or  twenty 
g-rains  to  the  ounce),  but  I  have  not  seen  any  advantage  follow 
from  this  painful  method  of  treatment;  others  advise  the  use 
of  eserme  instead  of  the  atropine.  It  is  well  to  go  on  with  the 
use  of  a  weak  yellow  oxide  omtment  for  some  time  after  the 
inflammation  has  subsided. 

2,  Strumous  Ulcers  of  the  Cornea. — Much  that  has  been 
said  of  phlyctenules  applies  to  this  form,  although  many 
cases  of  the  latter  present  a  greater  extent  of  ulceration,  and 
are  more  difficult  to  cure.  A  bad  case  of  strumous  ulcer  may 
go  on  to  perforation  of  the  cornea,  whilst  a  phlyctenule  is 
always  superficial.  Strumous  ulcers  are  commonlj^  situated 
away  from  the  corneal  margin,  phlyctenules  at  or  near  the 
latter.  The  opacity  left  by  a  healed  strumous  ulcer  ("  leu- 
coma  ")  is  denser  and  more  persistent  than  that  resulting-  from 
a  simple  phlyctenule. 

Symptoms. — Photophobia  is  nearly  a  ways  present  in  the 
early  stag-es,  and  may  be  extreme,  especially  in  young  chil- 
dren with  small  central  ulcers;  the  lids  are  then  kept  so 
tightly  closed  that  it  is  very  difficult  to  get  a  view  of  the  ulcer. 
Pain,  congestion,  and  lacrymation  usually  accompany  the 
ulcer,  and  the  irritation  leads  to  the  patient  frequently  rub- 
bing the  eye,  and  thereby  agg-ravating-  the  complaint. 

Treatment. — In  addition  to  the  measures  advised  for  cases 
of  phlyctenular  ulceration  the  following  are  useful :  Boracic- 
acid  lotion  used  as  a  fomentation,  as  warm  as  the  patient  can 
bear  it;  or  the  fomentum  belladonnae  in  cases  in  which  the 
photophobia  is  marked.  Setons  applied  at  the  temples  have 
been  almost  superseded,  but  in  very  obstinate  cases  are,  per- 
haps, worth  trial ;  blisters  are  of  but  little  use.  Internally 
cod-hver  oil  and  steel  wine  are  valuable  tonics;  and,  whenever 
possible,  the  child  should  be  given  the  benefit  of  country  air. 

3.  Serpiginous  ulcer  (synonym,  Hypopyon  or  Infective 
Ulcer)  occurs  nearly  always  in  elderly  people,  frequently 
following  an  injury,  such  as  a  scratch  from  a  twig-,  etc.,  and 
tends  steadily  to  prog-ress,  both  in  depth  and  extent.  It  has 
been  shown  to  be  due  to  the  presence  of  septic  micro-organ- 
isms, and  the  results  of  treatment  have  much  impi-oved  since 
the  introduction  of  antiseptics.     The  following  features  have 
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to  be  noted :  1.  The  ulcer  may  be  either  marg-inal  or  central, 
and  is  usually  sinuous  or  curved  in  outline.  2.  The  edg-e  of 
the  ulcer  is  swollen  and  raised,  and  there  is  extensive  infiltra- 
tion of  the  cornea  around.  3.  Hypopyon  is  a  frequent  compli- 
cation, whether  perforation  of  the  cornea  occurs  or  not.  4. 
Severe  pain,  photophobia,  and  cong-estion  of  the  eye  are  nearlj^ 
always  present. 

Not  only  are  the  subjects  of  serpiginous  ulceration  of  the 
cornea,  as  a  rule,  elderlj^  but  most  cases  (especially  those  not 
starting"  in  an  injury)  are  in  poor,  ill-nour- 
ished patients.  In  such,  iritis,  hypopyon, 
and  even  inflammation,  or  shrinking  of 
the  whole  eye,  may  follow;  and  every  case 
should  be  regarded  as  of  grave  prognosis, 
and  demanding  most  careful  treatment. 
If  inflammation  of  the  lacrymal  sac  be 
present,  it  should  be  combated  by  slitting 
up  the  lower  canaliculus  and  washing-  out 
frequently  with  antiseptic  and  astring-ent 
lotions. 

Treatment. — In  its  early  stag-e  the  ul- 
ceration may  be  cut  short  by  the  very 
frequent  use  of  warm  boracic  lotion,  or  of 
carbolic  lotion  (1  in  500),  or  of  bichloride 
of  mercury  (1  in  5,000).  Cocaine  and 
Fig.  2.-a,  6,  CPUS  in  the  eseriue  drops  should  be  applied  three  or 

substance  of    the    cornea  i  <•   i      ■  i 

(onyx):  e,  a  more  exten-  four  timcs  daily,  ju  the  uitcrvals  of  batli- 

sive  deposit;  d,  pus  in  the  jj^g.  ^J-jg  gyg  ^yi^J-^  ^\^^.  warm  autiseptic  so- 
anterior  chamber  (hypo-  .  /  .  ,  .  .  ,.  •  i  j. 
pyon)-a    more    common    lutlOUS  (eight  g-raiUS  of   COCaiUC    and  OUC  of 

condition  than  onyx.  escriiie  to  the  ouncc).    A  gcuerous  diet  and 

quinine  internally  are  indicated ;  and  if  the  pain  prevents 
sleep,  a  hypodermic  injection  of  morphia  may  be  useful  in  the 
evening. 

If  in  spite  of  this  treatment  the  ulcer  spreads,  it  should  be 
touched  with  the  galvano-cautery  wire,  or  a  fine-pointed  actual 
cautery,  along  its  whole  extent,  or  what  is  known  as  Saemisch's 
operation  performed.  This  consists  in  the  division  with  a 
Graefe's  cataract  knife  of  the  borders  of  the  ulcer;  both  punc- 
ture and  counter-puncture  being  placed  in  healthy  corneal 
tissue,  and  the  section  (which  opens  the  anterior  chamber)  is 
made    to  traverse   the    diseased   area    from  behind   forward. 
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crossing"  the  ulcer  at  its  centre.  Eserine  is  dropped  in  after 
the  section  lias  been  made,  and  mild  antiseptic  lotions  em- 
polj'ed.  It  is  remarkable  what  relief  follows  this  operation  in 
many  cases,  the  ulcer  healing-  in  the  course  of  a  week  or  two; 
but  should  it  not  be  successful,  the  wound  may  be  opened  daily 
for  a  few  days  with  a  fine  probe,  and  atropine  used  instead  of 
eserine.  Even  if  the  ulcer  heals  satisfactorily  a  considerable 
nebula  will  be  left;  and  should  this  obstruct  vision,  a  subse- 
quent iridectomy-  for  optical  purposes  may  become  necessary. 

4.  Ulceration  Secondary  to  Disease  of  the  Conjunctiva. 
— In  the  course  of  purulent  ophthalmia  the  cornea  is  very  lia- 
ble to  ulcerate  or  slough,  partly  owing"  to  interference  with 
the  vascular  supply,  partly  to  the  action  of  the  pus  and  con- 
tained micrococci.  This  complication  is  to  be  feared  if,  on 
separating  the  lids,  the  cornea  is  seen  to  be  haz}',  and  "  like 
the  eye  of  a  dead  fish"  (Nettleship).  No  special  treatment  is 
indicated,  but  if  the  cornea  be  ulcerated  in  a  case  of  ophthal- 
mia neonatorum,  great  care  should  be  employed  in  everting 
the  lids,  for  fear  of  making  the  thinned  i^art  give  way.  It  is 
remarkable  how  some  cases  in  which  the  cornea  appeared  to 
be  wholly  opaque  clear  up,  and  the  e^^e  retains  some  degree  of 
sight. 

In  cases  of  granular  lids  the  cornea  is  often  involved,  either 
"with  superficial  ulceration  or  with  pannus  (or  both).  Pannus 
consists  in  the  presence  of  new  vessels  and  cell-exudation  on 
the  surface  of  the  cornea,  and  usuall}'  starts  at  the  upper  part, 
owing  to  the  friction  of  the  upper  lid;  indeed,  the  condition 
may  be  confined  to  the  upper  half  of  the  cornea.  It  is  very 
slow  in  progress,  and  when  the  g'ranulations  have  become 
scar-tissue  the  cornea  may  remain  for  man}-  years  vascular 
on  its  surface,  a  condition  kept  up  by  entropion,  and  the  con- 
sequent inversion  of  the  lashes. 

Ulcers  of  the  cornea  may  also  complicate  chronic  conjunc- 
tivitis not  of  the  true  granular  type;  and  here  mistakes  in 
diagnosis  are  readilj^  made;  unless  the  lids  are  examined  and 
their  inflammation  treated  with  astringents,  it  is  practically 
useless  to  treat  the  corneal  ulceration. 

Treatment.^— In  every  case  in  which  vascularity-  or  ulcera- 
tion of  the  cornea  is  suspected  to  be  secondary  to  granular 
conjunctivitis,  etc.,  the  lids  should  be  everted,  and  if  any  active 
granulations  are  found  thej^  should  be  touched  with  blue-stone 
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or  mitig-ated  nitrate  of  silver  stick  every  few  days.  It  should 
always  excite  suspicion  if  the  corneal  lesions  are  confined  to 
its  upper  half;  for,  though  granular  conjunctivitis  nearly 
always  affects  both  Uds,  the  upper  one  is  most  severely  in- 
volved, and  has  most  influence  in  producing  pannus  or  corneal 
ulcers.  If  the  granulations  have  cicatrized,  it  is,  of  course, 
useless  to  continue  with  astringents,  and  care  should  be  taken 
to  ascertain  that  there  are  no  ingrowing  lashes  which  are  irri- 
tating the  cornea.  If  present,  they  should  be  either  pulled  out 
with  epilation-forceps  from  time  to  time,  or  the  hair-bulbs  may 
be  destroyed  with  electrolysis,  or  in  bad  cases  a  special  opera- 
tion is  required  (see  Entropion).  In  electrolysis,  the  negative 
pole  (a  fine  needle)  is  thrust  into  the  situation  of  each  hair- 
bulb,  the  lid  being  raised  by  a  bone  or  ivory  elevator;  the 
positive  pole  is  placed  on  the  temple  or  forehead,  and  as  the 
current  passes  minute  bubbles  will  be  seen  to  rise  from  the 
negative  pole.  If  pannus  persists  after  the  condition  of  the 
lids  which  produced  it  has  subsided,  the  operation  of  peritomy 
is  sometimes  useful.  The  patient  is  angesthetized,  a  speculum 
introduced;  an  incision  is  made  through  the  conjunctiva 
about  ^"  from  the  corneal  marg-in  all  round,  and  the  part 
within  this  removed  with  scissors  and  forceps  g^oing  down  to 
the  sclerotic.  The  surface  is  left  to  granulate  under  boracic 
dressings,  and  the  scar  produced  gradually  leads  to  oblitera- 
tion of  the  corneal  vessels.  The  use  of  jequirity-seed  infusions, 
or  of  inoculation  with  pus  taken  from  a  case  of  purulent  oph- 
thalmia of  infants,  has  been  tried  in  bad  cases  of  pannus,  and 
the  latter  has  sometimes  been  very  successful;  but  both 
measures  are  very  uncertain  in  their  results  and  are  now 
rarely  emploj^ed.  With  inoculation  there  is  a  risk  of  causing- 
sloughing-  of  the  cornea,  or  panophthalmitis,  a  danger  from 
which  peritomy  is  free. 

Herpes  of  the  Cor» 6=0.— Sometimes  small  vesicles  are  met 
with  in  the  course  of  herpes  frontalis  or  nasalis,  with  or  with- 
out iritis.  In  old  glaucomatous  cases,  or  in  e^-es  lost  from 
some  other  cause,  small  bullae  may  form  on  the  cornea,  and 
occasionally  herpetic  vesicles  develop  in  connection  with  a 
febrile  attack  (as  in  herpes  of  the  lips).  Finally,  herpes  of  the 
cornea  appears  to  occur  very  rarely  as  an  independent  affec- 
tion, the  cause  of  which  is  perfectly  obscure.  There  is  then 
much  pain,  photophobia,  etc.,  and  the  treatment  advised  is 
the  use  of  calomel  powder  or  destroying  the  vesicle  walls. 
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It  111113"  be  noted  that  impaired  nerve  supply  to  the  cornea 
is  one  cause  of  ulceration  of  its  surface,  as  in  paralysis  of  the 
fifth  nerve.  If  the  lids  cannot  cover  the  eye,  as  in  facial  paral- 
ysis, or  severe  exophthalmic  g-oitre,  ulcers  ma^^  form  on  the 
cornea. 

Interstitial  Keratitis. 

This  peculiar  form  of  corneal  disease  generally  affects  both 
eyes,  though  not  ahvaj^s  at  the  same  time,  and  is  most  com- 
mon between  the  ages  of  six  and  sixteen,  though  sometimes  it 
develops  as  late  as  thirty  or  thirty-five.  Relapses,  though  in- 
frequent, are  not  unknown,  sometimes  occurring  after  an  in- 
terval of  many  years.  Two  chief  types  are  met  with:  1.  A 
ground-glass  opacity  of  the  whole  cornea.  2.  Vascularity'  of 
the  substance,  a  great  number  of  the  vessels  giving  a  red  or 
pink  color.  These  two  conditions  are,  however,  frequently 
seen  together.  Typical  interstitial  keratitis  may  be  considered 
to  be  always  due  to  inherited  syphi- 
lis, which  reveals  itself  by  one  or  ^-^ 
other  of  the  following  signs.  The 
most  important,  perhaps,  is  the  mal- 
formation of  the  permanent  teeth, 
especially  the  upper  central  incisors,  fig.  3.-  xeeth  typical  of  inherited 
These  are  narrower  at  their  cutting-   SypMis  (permanent  set.  upper  row). 

°     Central  lucisors   notched  and  nar- 

edge  than  at  the  base,  and  present   rowed  at  their  cutting  edge. 
a  notch  in  the  centre  of  the  former. 

This  narrowing  is  sometimes  described  as  the  screw-driver 
deformity,  and  may  be  present  also  in  the  lateral  incisors  or 
the  canines  of  either  jaw,  but  (as  Mr.  Hutchinson  insists) 
the  upper  central  incisors  are  the  test  teeth  of  inherited 
syphilis.  The  palate  is  generally  high  and  narrow  (though 
this  malformation  is  not  peculiar  to  inherited  syphilis),  the 
forehead  g-rooved  horizontalh'  just  above  the  eyebrows  with 
a  transverse  projection  above  this.  About  the  time  the  eyes 
become  inflamed,  a  peculiar  and  inveterate  form  of  deafness 
frequently  comes  on,  and  occasionally'  periosteal  nodes  are 
met  with  on  the  tibia  or  other  bones.  In  a  small  proportion 
of  cases  both  knees  become  affected  with  chronic  synovitis, 
comparatively  painless,  and  entirely  clearing  off  after  a  few 
weeks  or  months.  The  bridge  of  the  nose  is  often  sunk,  and 
radiating  scars  around  the  mouth  are  not  uncommon. 
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There  is  g-enerally  a  history  of  syphilitic  sj'inptoiiis  in  in- 
fancy (snuffles,  rasli,  cond3'loniata  ani,  etc.),  and  tlie  mother 
has  ver^^  likely  had  repeated  miscarriages  or  still-births,  and 
if  there  are  older  children  living-  than  the  patient  in  the  family, 
they  maj'  also  have  suffered  from  interstitial  keratitis  or  other 
suspicious  symptoms. 

Sometimes,  hoAvever,  interstitial  keratitis  is  the  onl}"  symp- 
tom of  the  diathesis. 

Its  course  is  alwaj's  slow,  from  three  to  twelve  months 
(often  long-er)  elapsing-  before  the  cornea  clears,  and  not  only 
are  nebulee  frequently  left,  but  m\'opia  is  a  not  uncommon 
sequel.  Years  afterward  the  keratitis  may  be  recog-nized,  al- 
though the  cornea  has  apparently  cleared,  by  the  presence  of 
numerous  fine  lines  in  the  cornea,  detected  by  magnifying- 
ophthalmoscopic  examination. 

In  a  few  cases  the  cornea  remains  permanently  opaque, 
but  generally  a  ver3'-  fair  amount  of  vision  is  reg-ained,  and  fre- 
quently no  trace  remains  but  the  fine  lines  mentioned,  which 
do  not  materially  interfere  with  vision. 

The  chief  complications  are  the  following:  1.  Iritis  fre- 
quently present,  and,  since  it  may  be  masked  by  the  corneal 
opacity,  atropine  is  nearly  always  advisable  during-  the  active 
progress  of  the  disease.  2.  Choroiditis  —  generally  of  the 
l^atchy  or  disseminated  form,  but  sometimes  simulating  retini- 
tis pigmentosa.  3.  Inflammation  of  the  ciliary  region — lead- 
ing to  secondary  glaucoma  in  some  cases,  and  always  gravely 
affecting  the  prognosis. 

Ulceration  of  the  cornea  is  very  rarely  met  with,  but  does 
occur  in  a  few  cases. 

Myopia,  as  a  not  infrequent  result  of  interstitial  keratitis, 
lias  already  been  mentioned,  depending  on  slight  bulging  of 
the  weakened  cornea.  If  the  disease  is  very  severe,  a  more 
marked  yielding  may  ensue,  producing  anterior  staphj'^loma. 
In  some  cases  a  glaucomatous  condition  may  arise,  the  an- 
terior chamber  remaining  very  deep,  and  the  cornea  some- 
times becomes  oval  instead  of  round.  In  fact,  a  condition 
allied  to  buphthalmos  (see  Appendix)  may  be  set  up. 

Treatment. — A  prolonged  course  of  mercury  given  in  small 
doses  is  certainly  of  value,  and  man^'  surgeons  combine  iodide 
of  potassium  with  it.     Thus : 
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Liq.  hydra rgyri  bichlor.,      .         .         .     3  i. 

Pot.  iodidi, gr.  iij. 

AqiiiB  destilL, 3  i. 

T.  d.  s.  p.  c. 
If  the  patient  is  anaemic,  syrup  of  the  iodide  of  iron  should  be 
g-iven  instead  of  the  potassium  salt.  Atropine  should  be  used 
so  long"  as  the  inflanim/ition  is  in  the  active  stage,  and  a  con- 
venient form  is  the  ung-.  liyd.  ox.  flav.  cam  atropia.  In  a 
few  cases,  however,  permanent  dilatation  of  the  pupil  has  fol- 
lowed the  prolonged  use  of  atropine  in  interstitial  keratitis, 
and  it  is  therefore  best  to  leave  off  its  use  as  soon  as  possible. 
The  corneal  opacity  clears  very  slowl}',  and  sometimes  iridec- 
tomy is  performed,  but  it  rarely  does  much  good.  The  in- 
crease of  tension  sometimes  present  does  not  indicate  it  unless 
very  pronounced. 

Other  Diseases  of  the  Cornea. 

Arcus  Senilis. — Just  within  the  corneal  margin  two  lines 
of  white  opacity  are  formed,  one  in  the  upper  part  of  the  cor- 
nea, the  other  in  the  lower  (the  former  being  often  the  most 
marked).  These  lines  ultimately  meet  to  form  a  ring,  which 
ma}^  gradually'  increase  in  width  so  as  even  to  interfere  with 
vision  in  a  few  cases.  The  pathology  consists  in  a  deposit  of 
fat  in  the  corneal  cells,  and  the  patients  are  usually  over  fifty 
years  of  age.  Arcus  senilis,  however,  is  bj-  no  means  always 
present  in  very  old  subjects;  there  seems  to  be  a  family  pre- 
disposition to  its  early  development.  Frequentlj^  it  is  met 
with  in  patients  with  atheromatous  A'essels;  still  its  presence 
does  not  materially  alter  the  prognosis  of  an  operation  on  the 
cornea,  e.g.,  cataract  extraction. 

Conical  Cornea. — The  centre  of  the  cornea  becomes  thinned 
and  pushed  forward  while  retaining  its  transparency,  and  in 
severe  cases  the  conicity  may  be  easily  recognized  by  looking 
at  the  ej'e  from  the  side.  Long  before  this  can  be  effected, 
however,  conical  cornea  may  be  detected  b^^  keratoscopy 
(Keratoscopy,  see  Refraction,  p.  4-3-3),  the  pupil  having  been 
dilated.  Instead  of  the  usual  shadou-  movmg  from  side  to 
side  a  circular  or  crescentic  shadoAv  is  obtained.  It  is  most 
imj)ortant  to  recognize  the  early  stages  of  conical  cornea,  since 
it  gives  rise  to  irregular  astigmatism  and  considerable  defect. 
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of  vision,  which  cannot  be  benefited  as  a  rule  by  glasses. 
Generally  both  ej-es  are  affected,  and  the  patients  are  most 
commonly  young-  women;  the  pathology  is  quite  obscure. 
No  treatment  is  of  much  avail  unless  the  disease  is  so  ad- 
vanced that  vision  is  greatly  impaired;  an  operation  is  then 
justifiable.  The  summit  of  the  cone  may  be  excised  with  a 
Graefe's  knife,  or  cauterized,  or  trephined  with  a  very  small 
special  trephine.  In  all  these  operations  the  anterior  chamber 
is  penetrated,  and  there  is  risk  of  an  anterior  sj-nechia  forming-; 
the  pupil  should  hence  be  well  dilated  with  atropine  before 
the  operation. 

L,ead  Deposits  on  the  Cornea. — If  a  case  of  corneal  ulcer 
or  abrasion  is  ignorantly  treated  with  lead  lotion  a  white  de- 
posit of  a  salt  of  the  metal  is  formed,  which  persists  as  a 
characteristic  opacity;  it  can  be  scraped  off  with  some  diffi- 
culty. Hence  the  rule  never  to  use  lead  lotion  in  anj^  case 
where  the  suspicion  exists  of  loss  of  corneal  surface.  Nitrate 
of  silver,  if  used  for  long  in  ophthalmic  cases,  may  produce  a 
brown  stain  of  the  conjunctiva,  and,  to  a  less  extent,  of  the 
cornea. 


CHAPTEE     11. 

DISEASES   OF   THE   CONJUNCTIVA. 

1.  Miico-purulent  Ophthalmia  (syn.,  Catarrhal  Ophthal- 
mia).— A  contagious  form  of  conjunctivitis,  characterized  hy 
slig'ht  muco-purulent  discharg-e,  pain  and  irritability  (a  "  feel- 
ing' of  g'rit  in  the  eye  "  is  a  common  complaint  of  the  patient) 
and  tending  to  spontaneous  recover}-  after  a  week  or  two's 
duration  (sometimes  less,  sometimes  more).  Generally  both 
eyes  are  affected;  the  lids  are  stuck  together  in  the  morning; 
and  even  if  photophobia  be  not  marked,  any  attempt  at  work 
is  almost  unbearable  during  the  first  few  days.  It  is  most 
prevalent  in  the  spring-  and  autumn,  attacks  persons  of  all 
ages,  and  often  is  seen  to  affect  all  the  members  of  a  house- 
hold in  greater  or  less  degree.  It  is  quite  distinct  from  true 
purulent  ophthalmia,  but  is  often  accompanied  b^'  the  forma- 
tion of  little  pustules  or  phlyctenules  around  the  corneal  mar- 
g-in,  or  by  ulcers  on  the  cornea.  Severe  nasal  catarrh,  or 
blepharitis,  is  also  not  very  infrequent. 

Treatment. — Lotiozinci  sulphatis  (two  grains  to  the  ounce), 
lotio  acidi  boracici  cum  zinco  (one  grain  of  sulphate  of  zinc, 
boracic  acid  ten  grains  to  the  ounce,  with  perhaps  a  little 
g-h'cerin),  or  lotio  argenti  nitratis  (one  to  two  grains  to  the 
ounce),  may  be  used  three  times  daily;  some  simple  ointment, 
such  as  the  ung'uentum  cetacei,  being  applied  along  the  lids 
in  the  evening.  An  ointment  containing  four  grains  of  yellow 
oxide  of  mercury  to  the  ounce  of  vaseline  is  useful  if  the  case 
is  obstinate  and  phlyctenules  are  present. 

2.  Purulent  Ophthalmia. — A  severe  and  dangerous  form 
of  conjiuictivitis,  due  in  nearly  all  cases  to  contagion  from 
gonorrhoeal  or  vaginal  discharge.  The  most  common  exam- 
ples are  in  infants  infected  at  the  time  of  delivery  (ophthalmia 
neonatorum).  The  discharge  is  noticed  about  the  third  day 
after  birth;   the  lids  become  swollen,  and  their  edges  stuck 
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together;  on  opening-  them  yellowish  pus  and  l^anph  exude, 
and  on  everting-  the  lids  the  conjunctiva  is  seen  to  be  ex- 
tremely cong-ested  and  g-ranular.  There  is  great  risk  to  the 
cornea  from  ulceration  or  sloughing  if  the  case  is  neglected, 
and  many  cases  of  incurable  blindness  are  due  to  this  cause. 

In    gonorrhoeal   conjunctivitis 
of  adults  the  contagion  is  gener-  /^^^^^^^^^ 

ally  conve3'ed  by  the  finger,  etc.,  y^^-^^^^^^^^    -^^ 

from  the  urethra;   the  symptoms        ^jf^^^^tt^^ftfe./^^ 
are  similar,  but  there  is  perhaps      ^^  '^^^^^.  ^ 

even  more  liability   to   chemosis,     te  ^;5??^^«te  •. 

and  even  greater  risk  to  the  cor-     %::,  | 

nea.  One  or  both  eyes  may  be  •^^>^^i„^;i,^^^^^'Mn|:/  \ 
affected;  if  only  one,  the  other  I'  ''T^'''"^'  '"  ^^^^M-ts^H 
should  be   protected   by  the   use       I     ut>  "'    ^^ 

of  a  Buller's  shield  (a  watch-glass        i 
secured  thoroughly  in  front  of  the  ■ .  - 

eye  by  perforated   strapping,  or     f.g.  V-Pumient  ophthaimia-sweii- 

COVered  up  by  an  antiseptic  dress-    ing  and  excoriation  of  lids,  discharge  of 

ing.) 

Treatment. — The  lids  should  be  separated  and  the  dis- 
charge thoroug'hly  washed  away  by  very  frequent  use  of  an 
antiseptic  and  astringent  lotion  (carbolic  acid  1  in  150,  or  the 
boracic  and  zinc  lotion,  or  sulpho-carbolate  of  zinc  four  grains 
to  the  ounce,  or  nitrate  of  silver  one  to  three  grains  to  the 
ounce).  Carbolic  acid  is  well  tolerated  by  the  cornea  even  as 
strong  as  1  in  40  solution,  and  the  constant  use  of  compresses 
soaked  in  iced  carbolic  solution  is  perhaps  the  best  continuous 
treatment  for  gonorrhoeal  ophthalmia  in  adults.  The  lids 
should  be  prevented  from  adhering  by  the  use  of  vaseline  or 
ung.  cetacei,  so  as  to  give  a  free  vent  to  discharge,  and  once  a 
day  the  surgeon  should  carefull3^  evert  them,  and  having 
washed  or  irrigated  all  lymph  and  pus  away,  examine  the 
state  of  the  cornea  and  apply  a  solution  of  nitrate  of  sih^er  to 
the  w^hole  conjunctival  surface  with  a  brush.  Twenty  grains 
to  the  ounce  may  be  used,  and  a  rather  weaker  solution  as  the 
case  improves  (ten  to  fifteen  grains).  Sometimes  nitrate  of 
silver  seems  to  lose  its  effect,  and  then  a  change  should  be 
made  to  chloride  of  zinc  (five  grains  to  the  ounce);  but  on  the 
whole,  nitrate  of  silver  is  by  far  the  most  effective.  If  the 
sw^elling  of  the  lids  and  spasm  of  the  orbicularis  are  very 
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g-reat,  ami  prevent  the  proper  examination  of  the  conjunctiva, 
cuttinij;-  thi-oug'h  the  outer  canthus  (the  outer  union  between 
the  hds)  with  scissors  is  recommended,  but  it  is  very  seklom 
necessary. 

Thoroug-h  cleansing-  and  frequent  appUcation  of  weak  anti- 
septics, and  the  daily  use  of  a  strong-  solution  of  nitrate  of 
silver  constitute  the  treatment,  which  rarel}^  fails.  In  mid- 
wifery practice  among-  the  poor,  attention  should  be  paid  to 
the  infant's  63^68  within  the  first  few  days,  and  it  would  seem 
that  applying-  a  weak  solution  of  nitrate  of  silver  to  the  con- 
junctiva at  birth  may  prevent  the  onset  of  ophthalmia. 

Results. — Althoug-h  the  cornea  maj^  clear  entirely,  the 
subjects  of  purulent  ophthalmia  in  infancy  sometimes  reveal 
in  adult  life  its  occurrence  b^^  the  presence  of  a  small  pyra- 
midal cataract,  or  b^"  n^'stag-mus. 

A  number  of  the  cases  recover  very  g-ood  vision,  although 
there  has  been  ulceration  of  the  cornea  with  adhesion  of  the 
iris;  it  is,  indeed,  wonderful  how  far  recover^^  can  take  place 
after  the  cornea  looks  to  be  lost.  A  deep  diffused  haze,  or  a 
number  of  separate  ulcers,  or  a  single  circular  one  round  the 
corneal  marg-in,  however,  are  dang-erous  sig-ns,  and  may  fore- 
run complete  sloug-hing-  or  formation  of  an  anterior  staph^-- 
loma,  etc.  If  a  larg-e  perforating-  ulcer  have  formed,  the  lens 
may  escape  and  the  eye  shrink. 

3.  Granular  Ophthalmia  (syn.,  Trachoma). — This  is  often 
spoken  of  as  "g-ranular  lids,"  since  the  inflammation  in- 
volves chiefly  the  palpebral  conjunctiva.  It  is  a  contag-ious, 
very  chronic  form  of  conjunctivitis,  seen  almost  entirely 
among-  the  poorer  classes,  and  characterized  by  the  formation 
of  little  nodules  (composed  of  lymphoid  cells)  in  and  just  below^ 
the  conjunctival  surface.  The  term  "  sag-o-g-rain  g-ranuiation  "' 
is  often  used;  it  must  be  remembered  that  the  little  nodules, 
which  are  best  seen  toward  the  back  part  of  the  lids  on  evert- 
ing- them,  are  sometimes  g-ray  and  semi-transparent,  but  of  a 
reddish  color  as  a  rule.  It  is  apparently  due  to  a  micro- 
organism, and  it  occurs  in  epidemics  among-  ill-fed  children 
(as  in  the  Irish  famines,  among-  the  poorer  class  of  Eg-^^ptians, 
or  in  pauper-schools  in  England).  The  contagion  may  be 
conveyed  by  means  of  washing-towels,  etc.,  and  probably  in 
hot  countries  by  the  action  of  flies.  The  inflammation, 
whether  treated  or  not,  as  a  rule  drags  on  its  course  for 
11—24 
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Fig.  5.— Granular  upper  lid 
everted:— a,  granulations;  b,  scar- 
tissue. 


many  months  or  even  years,  and  from  time  to  time  its  sub- 
jects are  liable  to  purulent  or  muco-purulent  attacks,  which 
may  endang'er  the  cornea.  The  chief  complications  are:  1. 
Pannus  (see  Diseases  of  the  Cornea,  p.  347),  which  begins 
and  is  sometimes  limited  to  the  upper  half  of  the  cornea.  2. 
Scarring-  of  the  lids,  which,  if  deep,  produces  entropion  and 

in-growing  eye-lashes.    3.  Nebulee,  or 
ulcers  of  the  cornea. 

During  the  progress  of  granular 
ophthalmia,  the  patient  complains  of 
more  or  less  photophobia  and  dis- 
charge from  the  eyes,  with  some  lac- 
r3nnation;  the  edges  of  the  lids  look 
congested  and  thickened,  and  any  use 
of  the  ej^es  is  hardly  possible  in  severe 
cases.  When  in  a  very  chronic  con- 
dition, however,  there  may  be  merely 
irritability,  with  congestion  on  at- 
tempting to  do  much  reading,  etc.,  or  on  exposure  to  the 
wind.  An  eye  that  has  gone  through  granular  ophthalmia  is 
left  weak  and  irritable  for  long. 

Treatment. — No  treatment  is  known  which  will  produce  a 
rapid  cure,  and  attempts  to  effect  this  hy  too  vigorous  cau- 
terization, or  scraping  away  the  granulations,  usuallj^  lead  to 
excessive  scarring  and  entropion.  On  the  other  hand,  much 
good  may  be  done  by  improving  the  patient's  general  health, 
and  methodically  using  astringents  to  the  everted  lids  for  a 
period  of  many  months.  The  application  should  be  made  twice 
or  thrice  weekl3'  in  severe  cases;  less  often  in  milder  ones  and 
those  which  are  recovering.  Cocaine  applied  a  few  minutes 
before  somewhat  eases  the  pain,  as  does  freely  bathing  the 
eyes  with  cold  water  subsequently.  The  astringent  should  be 
applied  to  all  the  granulations,  and  especially  to  what  is 
known  as  the  retrotarsal  fold.  The  best  forms  are  the  follow- 
ing: 1.  Lapis  divinus— Sulphate  of  copper,  nitrate  of  potash, 
and  alum,  equal  parts  fused  together,  with  a  little  camphor 
added.  2.  Mitigated  nitrate  of  silver — One  part  of  the  salt 
with  two  parts  of  nitrate  of  potash.  3.  Pure  carbolic  acid, 
applied  with  a  little  curette  or  spoon.  4.  Solutions  of  nitrate 
of  silver  (ten  or  twenty  grains  to  the  ounce).  5.  Crystallized 
sulphate  of  copper. 
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The  patient  maj-  be  ordered  astringent  drops  or  lotion  of 
nitrate  of  silver  (one  to  three  grains  to  the  ounce),  of  sulphate 
of  copper  (one  to  two  grains),  or  the  boracic  and  zinc  sulphate 
lotion.  But  it  need  hardly  be  said  that  to  apply  astringents 
properly  to  the  diseased  surface  requires  eversion  of  the  lids 
by  the  surgeon. 

For  the  special  treatment  of  pannus  see  p.  348. 

Sometimes  very  small  "  granulations  "  are  seen  in  associa- 
tion with  chronic  conjunctivitis  and  irritability  of  the  eyes  in 
cases  which  can  hardly  be  regarded  as  true  granular  ophthal- 
mia, but  which  require  a  somewhat  similar  treatment. 

4.  Chronic  Conjunctivitis. — Persistent  slight  congestion 
and  lacrymation  with  irritability  of  the  eyes  is  met  with  under 
a  variety  of  conditions;  sometimes  associated  with  lacrymal 
obstruction  (which  see,  p.  363),  sometimes  with  uncorrected 
errors  of  refraction ;  or  it  may  be  set  up  b3'  prolonged  work  in 
ill-ventilated  rooms,  or  from  exposure  to  great  heat  or  glare 
of  the  sun.  In  senile  patients  this  form  of  conjunctivitis  is 
often  seen  with  a  relaxed  condition  of  the  conjunctiva  or  slight 
ectropion.  Removal  of  the  cause,  if  any  can  be  found,  the  use 
of  mild  astringent  lotions,  protective  tinted  or  smoked  glasses, 
and  improvement  of  the  patient's  health,  are  the  chief  mea- 
sures of  treatment. 

The  term  diphtheritic  conjunctivitis  is  sometimes  api:)lied 
to  cases  in  which  a  tough  pellicle  of  Ij-mph  is  formed  on  the 
conjunctiva,  which  bleeds  on  its  removal,  but  its  relation  to 
true  diphtheria  is  in  inost  cases  doubtful.  The  disease  is  very 
rare  in  England.  Astringents  should  not  be  used  in  its 
treatment,  but  warm  antiseptic  lotions  are  advisable.  Quin- 
ine lotion  (four  grains  to  the  ounce)  continuously  applied  is 
recommended  by  Professor  Tweed3^ 

Diseases  of  the  Eyelids. 

Of  these,  byfar  the  most  common  is  blepharitis  (syn..  Tinea 
or  Sycosis  Tarsi :  Tinea  is  a  bad  term,  since  the  disease  is  not 
due  to  a  cryptog-amic  cause).  It  is  generally  met  with  in 
strumous  children  or  otherwise  unhealthy  subjects,  and  varies 
greatly  in  severity,  showing  little  or  no  tendency  to  spontane- 
ous cure.  An  attack  of  measles  or  scarlet  fever  is  often  the 
predisposing  cause.     Sometimes  the  disease  is  part  of  an  ecze- 
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matous  eruption  on  the  face;  at  others,  the  hair-bulbs  and  ad- 
joining- glands  are  the  chief  seat  of  the  inflammation.  Slight 
g-ummy  discharge,  minute  ulcers,  deposit  of  crust  along  the 
edges  of  the  lids,  and  dropping  out  of  the  hairs  are  the  chief 
s^'mptoms.  In  inveterate  cases  the  hair-hulbs  are  destroyed, 
and  a  condition  known  as  lippitudo  produced ;  there  may  then 
be  epiphora,  due  to  eversion  of  the  lids.  The  longer  the  dis- 
ease has  existed  the  more  difficult  is  it  to  cure.  Ulcers  of  the 
cornea  and  phlyctenular  conjunctivitis  are  not  infrequent  com- 
plications. 

Treatment. — Order  the  patient  to  remove  all  the  scab  by 
bathing-  with  warm  alkaline  lotion  (five  grains  of  carbonate 
of  soda  to  the  ounce)  two  or  three  times  a  day,  and  afterward 
to  appl^^  a  dilute  mercurial  ointment  (the  unguentum  hj^- 
drarg3'ri  nitratis  dil.,  or  one  containing-  four  to  eight  grains 
of  the  3^ellow  oxide  to  the  ounce  of  vaseline  or  lard).  Boi^ax 
or  a  solution  of  tar  (liq.  carbonis  detergens,  five  drops  to  the 
ounce)  may  be  added  to  the  lotion.  Painting-  the  edges  of  the 
lids  with  a  twenty-grain  solution  of  nitrate  of  silver  often  does 
good,  and  in  cases  where  the  hair-bulbs  are  obviousl}'  inflamed 
epilation  may  be  required  at  intervals.  Attend  to  the  patient's 
general  health,  and  if  marked  liN'permetropia  or  other  error 
of  refraction  be  found  on  testing-,  order  the  appropriate 
g-lasses. 

Dermoid  Cysts. — The  favorite  position  for  congenital  cysts 
about  the  orbit  is  over  the  external  angular  process  of  the 
frontal  bone,  to  the  periosteum  of  which  they  are  nearly  always 
attached,  and  often  they  somewhat  indent  the  bone.  As  they 
lie  under  the  frontalis  muscle  the  skin  over  them  is  movable; 
their  fibrous  wall  is  very  variable  in  thickness,  and  their  con- 
tents consist  of  cholesterin,  sebaceous  matter,  abortive  hairs, 
and  more  or  less  fluid.  They  often  reach  the  size  of  a  hazel- 
nut in  the  first  year,  and  show  little  tendenc3^  to  increase  sub- 
sequently. 

Treatment. — Remove  the  whole  cyst  through  an  incision 
parallel  with  the  eyebrow;  avoid  opening  the  cyst  during  the 
operation  if  possible,  and  if  it  is  opened  he  careful  to  remove 
the  last  remnants.  Sew  up  the  wound  with  fine  sutures,  and 
dress  with  iodoform,  spirit  lotion,  or  some  other  antiseptic. 

Siiphilitic  Z7/cers.— Both  primary  chancres  and  tertiary 
S3'philitic  sores  are   occasionally  met  with.      Chancres  are 
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always  accompanied  by  characteristic  g-land  enlargement  in 
the  pre-auricLilar  or  sub-maxillary  region.  Tertiary  ulcers 
are  difficult  to  cure  and  tend  to  relapse;  the  patients  are 
most  often  Avomen  who  have  had  syphilis  severely.  Iodoform, 
iodide  of  potassium  internally,  with  tonics,  constitute  the  chief 
methods  of  treatment. 

Chalazion  (syn.,  Meibomian  Tumor  or  Cyst). — A  small 
rounded  tumor  in  the  substance  of  the  eyelid,  which  commences 
in  the  Meibomian  gland  layer,  formerly  wrongly  supposed  to 
be  g-landular  cysts  due  to  duct -obstruction.  T\\ey  are  really 
made  up  of  a  g-elatinous  mass  of  small  cells,  which  tends  to 
inflame  and  suppurate.  Occur  most  often  in  3"oung  adults, 
and  are  noticed  as  firm  rounded  lumps  under  the  skin  of  the 
eyelid.  Some  patients  show  a  marked  tendency  to  their  re- 
peated development. 

Treatment. — Evert  the  eyelid  (generally  the  upper  one), 
make  a  crucial  incision  with  a  Beer's  knife  into  the  tumor  from 


Fi(i.  G.— Beei-'s  kuife. 

the  conjunctival  aspect,  introduce  a  small  sharp  scoop,  and  by 
means  of  this  and  of  pressure  on  the  eyelid  remove  the  granu- 
lation mass.  Pass  the  finger  over  the  eyelid  to  ascertain  that 
the  tumor  is  completely"  removed.  It  is  xevy  rarely  necessary 
to  make  the  incision  through  the  skin  instead  of  the  conjunc- 
tiva. 

A  Stye  is  a  pustule  or  small  abscess  at  the  margin  of  the 
lid,  probably  around  one  of  the  sebaceous  or  other  glands  at 
this  part.     It  has  nothing-  to  do  with  the  Meibomian  glands. 

Treatment. — Touch  the  infl.amed  point  with  nitrate  of  silver 
stick  if  the  case  is  seen  early ;  otherwise  apply  warm  boracic 
fomentations,  and  incise  when  there  is  a  definite  abscess.  At- 
tend to  the  patient's  general  health,  as  styes  tend  to  recur. 

Molluscum  Contagiosum. — Occurs  in  young  children,  and 
is  characterized  by  little  round  or  oval  projections,  which  gen- 
erally show  a  dark  spot  at  their  summit.  They  occur  in  crops 
on  the  face  (the  eyelids  being  a  favorite  site)  or  other  parts  of 
the  body,  become  pedunculated  as  a  rule,  and  may  then  in- 
flame and  drop  ofl'.     They  are  certainly  contagious  in  a  mild 


360  Aids  to  Ophthalmic  Medicine  and  Surgery. 

degree;  for  example,  they  are  sometimes  seen  on  an  infanfs 
face  and  on  its  mother's  breast  or  hands,  and  can  be  inocukited 
with  difficult}'.  MicroscopicalU'  the}^  consist  of  lobulated 
masses  of  peculiar  cells,  resembling  sebaceous  matter,  but 
they  do  not  seem  always  to  originate  in  sebaceous  giands. 

Treatment. — If  pedunculated,  snip  off  with  scissors;  if  not, 
cut  into  the  little  tumors  and  squeeze  out  their  contents. 

The  small  ulcer  with  inflamed  base  left  after  a  mollus- 
cum  contagiosum  has  dropped  off  has  been  mistaken  for  a 
chancre. 

Rodent  Ulcer. — Is  a  peculiar  form  of  epithelioma  charac- 
terized by  the  following*  features:  1.  Very  sIoav  growth;  but 
in  some  cases,  if  left  alone,  it  tends  to  eat  steadily  into  the 
tissues  below,  destroying"  the  giobe  and  lids,  and  even  invading" 
the  bones.  2.  The  ulcer  has  a  raised,  siimous,  "  rolled  "  edge. 
3.  The  lymphatic  glands  are  not  involved,  however  long  the 
disease  has  lasted.  4.  Microscopicall}^  there  are  down-growths 
of  epithelium  derived  from  the  rete  mucosum,  or  deeper  layer, 
and  not  containing  celi-nests  like  ordinary-  epithelioma.  The 
cells  in  the  down-growing-  bands  are  smaller  and  less  defined 
than  those  of  epithelioma. 

Although  it  may  start  at  any  part  of  the  eyelids  or  adjoin- 
ing skin,  the  commonest  place  is  the  loAver  lid  toward  the 
inner  canthus. 

Treatment. — If  possible  excise  the  whole  ulcer;  scraping 
or  cauterization  is  less  likely  to  prove  effectual. 

Horns. — Grow  generally'  from  the  middle  of  one  or  other 
eyelid,  usuall}^  the  lower,  and  in  adult  life  or  old  age,  and  seem 
always  to  commence  in  connection  with  a  sebaceous  gland. 
Hence  though  toward  the  apex  they  may  be  \Qvy  hard,  at 
their  base  they  are  comparatively  soft. 

Treatment. — Excise  with  scissors  or  knife,  taking  care  to 
remove  the  base  of  the  horn  to  prevent  recurrence. 

Xanthelasma  Palpebrarum. — Depend  upon  the  presence 
in  the  true  skin  of  the  ej^elid  of  cells  containing  a  peculiar  jel- 
low  fat,  in  and  just  beneath  the  rete  mucosum.  The  favorite 
site  is  the  inner  part  of  the  upper  eyelid,  and  the  affection  is 
generall}^  roughly  symmetrical.  A  j^ellowish  patch  (not  unlike 
wash-leather  in  appearance)  is  seen,  slightly  raised,  and  not  at 
all  indurated.  Develops  usually  after  middle  life,  especially 
in  those  who  are  prone  to  deep  pigmentation  of  the  lids  (pa- 
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tients  who  suffer  from  frequent  bilious  headaches,  etc.).  No 
treatment  is  required. 

Liupus  is  occasional!}'"  met  with  on  the  conjunctival  surface 
of  the  lids,  nearh'  always  in  association  with  other  patches  on 
the  face.  Its  chief  peculiarity  is  the  formation  of  large  soft 
granulations.  Its  treatment  consists  in  scraping  and  cauteri- 
zation. 

Entropion. — Consists  of  inversion  of  one  or  both  lids,  and 
is  nearly  always  due  to  scarring  of  the  conjunctiva  and  subja- 
cent tissues.  Its  most  frequent  cause  is  granular  ophthalmia, 
and  hence  it  is  especially  met  with  in  the  upper  lid.  The  eye- 
lashes become  turned  inward  toward  the  globe,  so  as  to  keep 


Fig.  7. — Entropion  of  both  lids. 


Fig.  8. — Operation  for  Entropion- 
grooving  tiie  lid. 


up  constant  irritation  of  the  cornea,  and  this  often  leads  to 
or  is  associated  with  pannus.  Spasmodic  entropion  is  some- 
times met  with  after  operations  on  the  eye  {e.g.,  cataract 
extraction),  and  it  is  also  occasionally  seen  in  very  old  peo- 
ple without  obvious  cause.  Both  these  are  much  milder 
forms  of  entropion  than  the  persisting  one  resulting  from 
granular  lids,  in  which  the  tarsal  "  cartilage "  may  be  much 
curved  and  deformed.  In  such  cases  relief  can  be  given  by 
operation,  there  being  a  great  number  of  methods  of  perform- 
ing this.  One  of  the  best  is  the  following:  The  patient  is 
anesthetized,  and  a  broad  lid-elevator  inserted  and  held  by 
the  assistant.  With  a  Beer's  or  other  kind  of  knife,  the  sur- 
geon cuts  a  groove  along  the  whole  border  of  the  lid,  one  or 
two  millimetres  inside  the  row  of  ej^elashes,  avoiding  the  punc- 
tum  lacrymale.  The  incision  must  go  down  into  the  edge  of 
the  tarsal  cartilage.     He  then  excises  a  semilunar  strip  of  skin 
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from  the  lid,  the  lower  border  of  the  incision  being'  about  two 
millimetres  outside  the  ciliary  border.  The  amount  of  skin 
removed  should  depend  on  the  degree  of  entropion.  Sutures 
and  simple  dressing-  are  applied,  the  wound  in  the  conjunctiva 
being",  of  course,  left  open,  and  allowing-  the  edg-e  of  the  lid  to 
be  drawn  outward. 

Another  operation  (Burow's)  consists  in  simply  making-  a 
deep  g-roove  parallel  with  and  three  millimetres  inside  the  cili- 
ary border  along-  its  whole  length,  b}^  means  of  scalpel  and 
scissors.  The  incision  should  g-o  down  through  the  tarsal  car- 
tilage, but  not  the  orbicularis  muscle. 

A  third  operation,  suitable  for  mild  cases  {e.g.,  senile  en- 
tropion), consists  in  excising  a  strip  of  skin  from  the  lid,  in  the 
same  manner  as  just  described. 

Ectropion. — Persistent  eversion  of  the  lid,  nearl}'  always 
the  lower  one,  which  usuall.y  produces  displacement  of  the 
lacr^nnal  punctum,  and  more  or  less 
epiphora.  Mild  degrees  are  seen  in  old 
people  with  chronic  conjunctivitis;  more 
severe  forms  are  due  to  scarring  from 
various  causes — burns,  strumous  perios- 
titis of  the  upper  jaw,  wounds  with  loss 
of  substance,  operations  for  removal  of 
Fig.  9.-Ectropion  of  both  rodcut  ulccr,  etc.  The  first  class  may  be 
lids,  with  conjunctivitis.  treated  by  excising  a  strip  of  conjunctiva 
or  by  the  V  Y  operation.  In  this  tAvo  incisions  are  made  which 
meet  below,  and  detach  a  flap  of  skin,  with  its  base  toward 
the  edge  of  the  lower  lid.  The  apex  of  the  fl^aj)  is  then  displaced 
upward,  and  by  sutures  the  V-shaped  wound  is  converted  into 
a  Y.  If  there  is  a  scar  fixing  the  lower  lid  to  the  upper  jaw 
it  should  be  freely  divided  subcutaneously.  When  there  has 
been  much  loss  of  substance  of  the  lid,  nothing  short  of  trans- 
plantation of  skin  will  be  of  any  service.  The  flap  taken  should 
be  decidedly  larg-er  than  would  appear  at  first  sight  necessary 
since  it  always  shrinks,  and  should  include  the  whole  thickness 
of  the  true  skin. 

The  results  of  these  operations  for  ectropion  are  often  not 
veiy  good,  and  very  severe  cases,  such  as  result  from  burns  of 
the  cheek  or  lupus,  are  practically  incurable. 


CHAPTEE    ITT. 

LACRTMAL   OBSTRUCTION,   Etc. 

It  will  be  remembered  that  the  tears,  after  leaving-  the 
ducts  of  the  lacrymal  g-land  beneath  the  outer  end  of  the  upper 
lid,  are  swept  across  the  eye  by  the  action  of  the  orbicularis 
palpebrarum,  which  has  its  chief  fixed  point  at  the  inner  can- 
thus.  At  the  same  time,  partly  by  the  action  of  the  tensor 
tarsi,  the  two  puncta  at  the  inner  border  of  each  lid  are  opened 
and  directed  to  receive  them.     They  then  pass  along-  each 


Fig.  10.— Lacrj-mal  apparatus,    a,   Lacrymal  gland;  b,  ducts:  c,d,  margins  of  lids;  e,  e, 
puncta  lacrj'malia;  g,  caruncle;  h,  h,  canaliculi;  i,  lacrymal  sac;  j,  nasal  duct. 


canaliculus  into  the  lachrymal  sac,  and  down  the  nasal  duct  to 
the  inferior  meatus  of  the  nose.  Any  interference  with  the 
muscular  mechanism,  with  the  position  of  the  puncta,  or  any 
obstruction  in  the  drainage-apparatus,  will  cause  the  tears  to 
flow  over  the  cheek,  a  condition  known  as  epiphora.  Hence 
epiphora  is  met  with  from  a  variety  of  causes,  facial  paralysis 
(involving-  the  orbicularis  and  tensor  tarsi),  chronic  blephari- 
tis or  ectropion  (displacing  or  obstructing-  the  puncta) ;  perhaps 
the  most  common  cause  is  chronic  inflammation  of  the  nasal 
duct  leading  to  stricture.     The  latter  is  occasionally  due  to 
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Fig.  11.— Lacrj-mal  Abscess,  which  has 
burst  below  the  tendo  oculi. 


disease  of  the  bones  formin.^-  the  nostril  (as  in  inherited  syph- 
ihs),  but  g-enerall3^  no  obvious  cause  can  be  found.  It  may  de- 
velop at  any  ag-e,  and  is  most  common  among-  females  (80  per 

cent — Nettleship).  The  tears 
collect  in  and  distend  the  lachry- 
mal sac  (forming  mucocele),  and 
this  can  be  recognized  by  pres- 
sure at  the  inner  canthus  empty- 
ing" the  sac  backward  through 
the  canaliculi.  Inflammation  in 
and  around  the  sac  may  readily 
occur,  and  thus  a  lacrymal  ab- 
scess form,  which  points  below 
the  tendo  oculi,  and  which  is 
usually  very  painful  and  accom- 
panied by  much  surrounding-  inflammation.  In  cases  of  lacry- 
mal obstruction  without  abscess,  epiphora  is  the  chief  com- 
plaint, slig'ht  conjunctivitis  being-  often  set  up. 

Treatment. — Where  the  disease  is  due  to  blepharitis,  etc., 
or  where  there  is  no  mucocele,  and  hence  probably  no  obstruc- 
tion to  the  escape  of  tears,  astring-ent  lotion  or  drops  should  be 
tried.  Sulphate  of  zinc,  two  to  five  g-rains  to  the  ounce;  chloride 
of  zinc,  one  to  two  grains,  or  weak  nitrate  of  silver  lotion  (in 
cases  of  blepharitis  only),  may  be  ordered  to  be  used  two  or 
three  times  a  day.  In  cases  due  to  displacement  of  the  puncta 
the  treatment  should  be  directed  to  the  cause;  but  sometimes 
relief  is  obtained  by  slitting  up  the  lower  canaliculus  Avith  a 
Weber's  probe-pointed  knife.  In  this  operation  the  surgeon 
stands  behind  the  patient,  insinuates  the  probe-point  within 
the  punctum,  makes  the  lower  lid  tense,  and  straightens  the 
canaliculus  by  drawing-  the  lid  outward  with  one  index-finger, 
while  he  pushes  on  the  blade  of  the  knife,  at  the  same  time 


Fig.  12. — Weber's  canaliculus-knife. 

raising  its  handle,  so  as  to  cut  through  the  whole  length  of 
the  upper  wall  of  the  canaliculus. 

If  a  mucocele  or  threatening  lacrymal  abscess  be  present 
this  operation  should  be  performed,  and  as  soon  as  the  inflam- 
mation has  subsided  under  the  use  of  mild  astringent  or  seda- 
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tive  lotions  (lotio  plumbi,  or  lotio  acidi  boracici)  tlie  nasal 
duct  should  be  probed. 

The  treatment  of  stricture  of  the  duct  b^'  means  of  dilata- 
tion with  probes  is  similar  to,  but  more  unsatisfactory^  than, 
the  treatment  of  urethral  stricture  by  dilatation.  It  is  very 
painful,  the  obstruction  is  ver^^  liable  to  relapse,  and  much 
care  is  required  in  passing"  the  probes  to  avoid  injuring"  the 
walls  of  the  duct.  A  more  satisfactorj^  method  than  the  occa- 
sional passage  of  probes  is  to  introduce  a  leaden  style,  the 
upper  end  of  which  is  hooked  down  and  rounded  off,  so  as  to 
prevent  it  slipping  in.  The  style  can,  of  course,  onlj^  be  intro- 
duced after  a  moderate-sized  probe  has  been  got  through,  but 
it  can  be  worn  for  months  at  a  time  without  causing  much 
discomfort.  An  antiseptic  lotion  should  be  used  while  the 
style  is  kept  in,  and  it  may  also  be  of  advantage  in  some  cases 
of  dacr^-ocj'stitis  (inflammation  of  the  lacrymal  sac)  to  fre- 
quently Avash  out  the  sac  with  a  syringe,  the  point  of  which  is 
introduced  along  the  previoush'  slit-up  canaliculus. 

If  a  lacrymal  abscess  be  on  the  point  of  bursting  it  may  be 
opened  by  a  puncture  just  below  the  tendo  oculi;  but  as  soon 
as  practicable  the  canaliculus  should  be  laid  open  and  the 
cause  treated. 

Cases  of  obstruction  from  necrosis  of  bone  are,  as  a  rule, 
unsuited  for  operation. 


CHAPTER  lY. 

DISEASES  OF  THE  IRIS. 

Iritis. — It  will  be  remembered  that  the  iris  lies  immedi- 
ately in  front  of  the  lens  capsule,  its  pigmented  or  uveal  sur- 
face resting-  against  the  latter  (see  Fig.  1).  In  all  forms  of 
inflammation  of  the  iris  the  tendency  is  to  contract  adhesions 
with  the  lens  ("posterior  synechiae "),  and  often  to  leave  de- 
posits of  the  uveal  pigment  upon  its  surface.  The  pupillary 
margin  is  the  part  of  the  iris  in  which  its  capillaries  are  most 
plentiful,  and  hence  the  inflammatory  process  is  generally 
most  marked  at  this  part.  By  the  use  of  mydriatics  (of  which 
atropine  is  the  strongest)  it  is  possible  to  draw  away  the  in- 
flamed iris,  and  so  prevent  adhesions  being  formed,  or  some- 
times even  to  rupture  them;  but  the  treatment,  to  be  effective, 
must  be  commenced  early  in  the  case.  Hence  the  great  im- 
portance of  recognizing  the  onset  of  iritis,  of  which  the  chief 
symptoms  are  the  following: 

1.  The  pupil  is  altered  in  shape;  it  m^y  be  a  little  smaller 
than  that  of  the  other  eye,  and  does  not  dilate  so  well  when 
the  eye  is  shaded ;  it  is  either  sluggish  or  immobile.  If  homa- 
tropine  be  applied,  and  the  eye  examined  twenty  minutes  later, 
the  difference  in  shape  becomes  marked,  the  pupil  being  oval, 
or  quite  irregular,  owing  to  adhesions.  If  a  circular  adhesion 
exist  all  round  the  pupillary  border,  of  course  no  dilatation 
takes  place,  unless  the  adhesion  be  of  very  recent  date. 

2.  The  color  of  the  iris  is  altered,  a  greenish  tint  being  the 
most  usual;  but  an  originally  brown  iris  does  not  change 
much.  In  some  cases  little  nodules  of  lymph  are  seen,  and 
sometimes  minute  red  streaks  (vessels)  running  toward  the 
pupil.  At  the  border  of  the  latter,  by  careful  focal  illumina- 
tion, one  or  more  little  projections  can  be  often  observed,  gen- 
eralh'  of  a  white  or  brown  color.  The  reticulated  surface  of 
the  iris  is  blurred,  owing  partly  to  turbidity  of  the  aqueous 
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and  cornea,  partly  to  congestion  and  effusion  of  lymiih  into  its 
substance. 

3.  There  is  g'enerally  marked  congestion  of  the  eye,  espe- 
cially immediately'  around  the  corneal  margin,  and  the  deeper 
vessels  are  evidently  involved  in  this  congestion.  But  fre- 
quently the  whole  conjunctiva  is  red,  and  the  character  of  the 
congestion  is  by  no  means  a  safe  guide  as  to  the  presence  of 
iritis.  The  mistake  is  often  made  of  supposing  a  case  of  iritis 
at  first  to  be  simple  catarrhal  ophthalmia,  a  mistake  which 
would  nearly  always  be  avoided  by  using  homatropine  and 
examining  for  the  first-mentioned  symptom. 

4.  Besides  pain  in  the  eye  and  more  or  less  photophobia, 
there  is  generally  pain  referred  to  the  forehead  or  nose.  This 
referred  pain  is  due  to  the  fact  that  the  iris  is  supplied  b}"  the 
nasal  branch  of  the  ophthalmic  nerve  (long  ciliary  twigs),  and, 
as  a  rule,  the  pain  in  acute  irititis  is  most  intense  in  the  dis- 
tribution of  the  supra-orbital  division. 

These  are  the  cardinal  s^anptoms  of  iritis  which  are  present 
in  acute  cases.  In  mild  cases,  however,  one  or  more  of  them 
may  be  very  little  marked,  and  in  such  the  action  of  the  pupil 
to  light,  and  still  more  to  homatropine,  is  the  only  conclusive 
test.  The  tension  of  the  globe  in  iritis  is  not  infrequently 
somewhat  raised,  and  the  question  of  glaucoma  may  be  sug- 
gested. It  is,  of  course,  the  worst  possible  treatment  to  use 
atropine  in  a  case  of  glaucoma,  but  occasionally  it  is  necessary 
to  employ  it  in  iritis,  although  the  tension  may  be  increased. 
We  now  have  to  consider  the  causes  of  iritis.  Of  these  by  far 
the  most  important  are  secondary  syphilis  and  rheumatism. 

1.  Syphilitic  Iritis. — Occurs  usually  from  three  to  six 
months  after  the  chancre  (in  congenital  syphilis  at  the  same 
date  from  birth) ;  rarely  affects  both  eyes  simultaneously,  but 
very  often  the  two  in  succession.  The  second  eye  may  become 
affected  although  the  patient  is  under  full  mercurial  treatment 
for  iritis  in  the  other  eye.  It  very  rarely  relapses,  and  is  rajiidly 
improved  by  thorough  mercurial  treatment.  It  is  in  this  form 
that  the  so-called  gummata  of  the  iris  are  met  with:  little 
pinkish-white  nodules,  on  which  new  vessels  can  be  made  out. 
Sometimes  single,  they  are  generally'  multiple,  and  tend  to 
form  large  pjosterior  sjmechiEe.  Lymph  in  the  anterior  cham- 
ber may  accompany  them. 

Secondary  syphilis  probably  accounts  for  about  fifty  per 
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cent  of  the  total  number  of  cases  of  iritis.  Syphilitic  iritis  in 
infants  is  decidedly  rare;  as  already  mentioned,  it  occurs 
Avithin  six  months  of  birth  (probably  in  a  few  cases  it  comes 
on  in  utero)  and  is  much  more  common  in  female  children  than 
males  (consult  Hutchinson  on  Syphilis).  The  same  tendency 
to  free  effusion  of  lymph  is  seen  here  as  in  adults,  and  the  pupil 
may  become  occluded  from  it.  Besides  these  infantile  cases, 
we  have  to  remember  that  iritis  may  come  on  at  or  after  pu- 
bertj^,  as  a  complication  of  interstitial  keratitis. 

2.  Rheumatic  Iritis.— Is  met  with  in  adults;  g-enerallj' 
affects  only  one  eye  at  a  time;  tends  to  form  firm  adhesions, 
but  not  to  develop  nodules  of  lymph,  and  very  frequentlj^  re- 
lapses. Its  subjects  are  generally  those  with  a  history  of 
rheumatic  or  "gouty"  symptoms  (in  which  lumbago  may  be 
included),  and  the  iritis  is  often  brought  on  by  exposure  to  wet 
or  cold.  The  congestion,  photophobia,  and  pain  are  all  more 
severe  than  in  syphilitic  iritis;  but  the  tendency  to  relapse  is 
perhaps  the  best-marked  feature.  In  some  cases  the  diagnosis 
is  difficult  between  the  two  forms,  and  it  must  be  based  on  the 
consideration  both  of  the  symptoms  and  the  ijrevious  historj^ 
of  the  patient.  To  recapitulate  the  chief  points  in  the  differ- 
ential diagnosis  • 


SYPHILITIC   IRITIS. 

1.  Frequently   small    nod- 
ules of  lymph  present. 


2.  Histor}'   of   secondaries 
Avithin  about  six  months  of  the 
attack,  or  presence  of  s^'phi-  |  symi)toms. 
litic  symptoms. 

3.  Does  not  tend  to  relapse 


RHEUMATIC    IRITIS. 

1.  Tends  to  produce  tough 
adhesions  without  nodules  of 
lymph. 

2.  History-,  perhaps,  of  pre- 
vious attacks,  or  of  rheumatic 


3.  Pain,    congestion,     etc., 
very  severe. 

4.  Frequently  relapses. 

3.  Serous  Iritis. — Occurs,  as  a  rule,  in  women;  is  extremely 
slow  in  progress,  and  is  characterized  by  the  deposit  on  the 
back  of  the  cornea  of  a  number  of  little  whitish  dots  of  lymph, 
which  form  a  triangle,  with  the  base  downward,  and  the  apex 
toward  the  centre  of  the  cornea.  Tlie  disease  is  regarded  as 
a  lymphangitis  of  the  eye  (De  Wecker),  and  frequently  its 
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subjects  are  antemic,  or  run-down  in  health  (sometimes  with 
gianclukir  enlargements  in  the  neck,  or  giving-  the  history  of 
other  scrofulous   symptoms). 

One  or  both  eyes  may  be  affected;  as  a  rule,  it  is  sym- 
metrical. 

Serous  iritis  is  sometimes  accompanied  with  patches  of  dis- 
ease in  the  periphery  of  the  choroid,  or  with  vitreous  opacities. 
Compared  with  syphilitic  or  rheumatic  cases  it  is  a  more 
chronic  form  of  iritis,  and,  as  already  noticed,  the  lymph  de- 
posit g-enerally  persists  for  many  months,  or  may  never  wholly 
disappear. 

It  occurs  as  a  symptom  of  sym^Dathetic  ophthalmia  (which 
see),  or  occasionally  in  rheumatic  subjects. 

-1.  Iritis  from  Inherited  Gout. — This,  thoug'h  a  rare  dis- 
ease, deserves  notice  from  its  peculiar  features.  It  is  very  in- 
sidious {i.e.,  pain  and  congestion  may  be  but  little  marked), 
and  the  ciliarj'  body  is  inflamed  at  the  same  time,  so  that  the 
eye  is  often  very  seriously  impaired,  apart  from  the  formation 
of  iritic  adhesions.  It  may  come  on  quite  early  in  life,  and 
thoug-h  the  patient  may  never  have  had  an}'  other  g'outy 
symptom,  there  is  a  history  of  g'out  in  the  parents. 

In  5,  Gonorrhoeal  Iritis,  there  is  the  same  tendency  of  the 
ciliary  region  to  be  involved,  so  that  dusky  patches  of  conges- 
tion and  exudation  are  seen  in  this  part  (cyclitis,  or  sclerotitis). 
In  other  respects  it  is  closelj^  allied  to  rheumatic  iritis,  and  its 
subjects  are  nearly  always  those  with  gouty  or  rheumatic 
tendencies.  In  such  a  patient  every  attack  of  gonorrhoea  may 
be  complicated  with  iritis. 

6.  Traumatic  iritis  is  met  with  after  penetrating  wounds 
of  the  cornea  and  iritis,  sometimes  after  cataract  or  other  op- 
erations on  the  eye.  It  presents  nothing  peculiar  in  its  symp- 
toms. 

We  have  to  remember  as  rare  causes  of  iritis,  prolonged 
overwork  of  the  eyes,  and  scrofula;  while  some  cases  cannot 
at  present  be  explained  by  any  known  cause.  It  is  important 
to  bear  in  mind  the  great  difference  which  exists  in  the  severity 
of  the  symptoms  in  difl'erent  cases.  The  term  ''  quiet  iritis  "  is 
used  when  pain  and  congestion  are  wholly  absent;  it  is  gener- 
ally due  either  to  inherited  gout  or  syphilis,  but  may  arise 
from  almost  any  other  of  the  causes  mentioned. 

Results  of  Iritis.— If  a  severe  case  of  iritis  is  neglected. 
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blindness  is  liable  to  result  from  the  blocking-  of  the  pupil  with 
lymph  (occlusion),  or  from  the  formation  of  a  total  posterior 
synechia  (exclusion).  In  the  latter  case,  the  fluid  in  the  two 
chambers  does  not  circulate  and  escape  in  the  normal  manner; 
the  outer  part  of  the  iris  becomes  bulged  forward,  and  second- 
ary g-laucoma  may  supervene.  Even  if  thoroughly  treated, 
iritis  will  probably  leave  slight  impairment  of  vision  owing  to 
uveal  deposit  on  the  lens,  etc.,  but  in  most  cases  the  recovery 
is  almost  perfect.  The  most  obstinate  forms  are  serous  iritis, 
that  due  to  inherited  gout,  and  sympathetic  iritis. 

Treatment. — In  all  cases  without  exception  use  atropine  so 
long  as  the  attack  is  in  an  active  stage.  A  solution  of  four 
grains  to  the  ounce  should  be  applied  (two  or  three  drops) 
every  two  hours  the  first  day  or  two,  and  less  frequenth^  after- 
ward if  the  adhesions  yield.  The  strong-est  known  mydriatic 
is  a  combination  of  atropine  and  cocaine  (two  per  cent),  and  the 
surest  wa^^  of  having-  it  thoroughly  applied  is  to  use  them  in 
vaseline  (the  purest),  inserting-  a  little  of  the  ointment  within 
the  lids.  Occasionally  atropine  irritates,  increasing  the  con- 
g-estion,  and  causing-  some  swelling-  of  the  lids  and  eczema 
around  them.  These  cases  are  very  exceptional;  in  them  sul- 
phate of  daturine  (four  grains  to  the  ounce),  or  sulphate  of 
duboisine  (one  grain  to  the  ounce)  may  be  tried  instead  of  the 
atropine.  After  an  attack  has  wholly  passed  off  it  is  worse 
than  useless  to  persist  with  mydriatics  in  the  hope  of  breaking- 
down  old  adhesions,  as  they  may  then  produce  irritation  and 
congc^stion  of  the  eye. 

In  cases  of  sj^philitic  iritis,  the  patient  should  be  brought 
thoroughly  under  the  influence  of  mercur}^,  either  g-iven  in- 
ternally (hyd.  c.  creta,  two  grains;  pulvis  ipecac,  comp., 
one  grain,  thrice  daily  in  pill ;  by  calomel  or  blue  pill,  or  the 
liquor,  hydrarg-^^ri  bichlor,  in  one-drachm  doses),  or  by  inunc- 
tion, subcutaneous  injection,  etc.  Of  these  methods,  proba- 
bly the  internal  administration  of  gray  powder  is  the  most 
convenient  and  as  efficacious  as  any.  If  the  gums  become 
touched,  the  dose  of  mercury'  should  be  diminished,  and  chlor- 
ate of  potash  used  as  a  mouth-wash. 

Of  course  stimulants  should  be  forbidden,  and  the  eyes 
should  be  kept  at  rest  by  means  of  a  shade  or  confinement  to 
a  darkened  room.  In  serous  iritis,  or  where  one  eye  onlj^  is 
affected,  however,  the  latter  measure  is  unnecessary. 
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In  rheumatic  iritis,  the  application  of  warm  dry  heat,  by 
means  of  cotton-wool  and  bandage,  is  of  value;  while  in  trau- 
matic iritis,  cold  should  be  used  by  means  of  small  ice-bags 
etc.  This  is  the  onl}-  form  of  iritis  in  which  cold  should  be 
employed.  When  the  rheumatic  or  "  arthritic "  tendency  is 
present,  iodide  and  bicarbonate  of  potassium  may  be  given; 
in  gouty  iritis  vinum  colchici  may  do  good.  In  serous  iritis 
with  anaemia  give  iron  and  cod-liver  oil,  and  endeavor  to  im- 
prove the  general  health  as  far  as  possible.  In  the  obstinate 
cases  of  relapsing  irido-cyclitis  due  to  inherited  gout,  probablj^ 
nothing  will  be  found  to  effect  a  cure  except  change  of  climate 
(a  warm  dry  one,  such  as  some  parts  of  New  Zealand,  being 
the  best). 

In  acute  iritis,  with  severe  pain,  the  latter  is  generally  re- 
lieved to  some  extent  by  atropine,  but  belladonna  fomenta- 
tions (one  drachm  of  the  extract  to  a  pint  of  warm  water)  are 
also  of  use.  If,  in  spite  of  these  measures,  the  pain  persist, 
blistering  the  temple  should  be  tried  (some  authors  recom- 
mend leeches),  and  morphia  or  chloral  may  be  required  at 
night-time  in  order  to  obtain  sleep. 

A  brisk  purge  is  advisable  in  commencing  the  treatment 
of  acute  rheumatic  or  syphilitic  iritis. 

If,  in  spite  of  treatment,  many  firm  adhesions  remain,  and 
especially  if  complete  posterior  sj^nechia,  with  increase  of  ten- 
sion, be  present  as  the  result  of  iritis,  there  is  no  question  that 
an  upward  iridectomj^  should  be  performed.  The  operation, 
however,  is  often  rendered  difficult  by  the  iris  having  become 
soft,  or  "  rotten,"  as  well  as  by  the  fact  of  the  adhesions,  and 
sometimes  the  artificial  pupil  becomes  again  closed  by  firm 
hnnph.  It  used  to  be  thought  that  adhesions  in  themselves 
led  to  relapses  of  the  iritis,  and  that  to  prevent  the  latter  an 
iridectomy  was  necessary,  but  this  view  is  now  doubted. 
However,  it  is  quite  justifiable  to  perform  the  operation  in 
cases  of  rheumatic  iritis  in  which  relapses  are  frequent,  and  it 
would  seem  to  have  some  influence  in  preventing  them,  as 
well  as  exclusion  and  occlusion  of  the  pupil.  Iridectomy,  how- 
ever, should  not,  as  a  rule,  be  performed  on  an  eye  so  long  as 
it  is  inflamed,  but  in  an  interval  between  the  attacks.  In 
cases  of  old  iritis  and  interstitial  keratitis,  too,  it  is  sometimes 
followed  by  an  improvement  of  vision,  especially  if  the  artificial 
pupil  can  be  formed  behind  a  comparatively  clear  part  of  the 
11—25 
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cornea.  Here  again,  however,  the  operation  should  not  he  done 
while  the  eye  is  inflamed,  but  only  when  the  adhesions  of  the 
iris  and  the  corneal  opacities  are  obviousl^^  permanent. 

Tumors  of  the  Iris. — The  iris,  like  other  parts  of  the  uveal 
tract,  is  occasionally  the  seat  of  melanotic  sarcoma;  curious 
cystic  formations  have  also  been  met  with,  and  tuberculosis  of 
this  structure  is  not  unknown.  These  afl"ections  are  too  rare 
to  require  further  notice  here,  but  it  is  worth  bearing  in  mind 
that  the  little  gummata  due  to  inherited  syphilitic  iritis  have, 
in  a  few  cases,  led  to  the  erroneous  diagnosis  of  tubercle. 


CHAPTER  Y. 

CATARACT. 

It  is  most  important  to  recognize  the  different  forms  of 
cataract,  since  they  vary  greatly-  in  prognosis,  some  steadily 
advancing-  to  complete  opacit3'  of  the  lens,  others  remaining' 
absolutely'  stationary.  In  all  cases  where  cataract  is  sus- 
pected the  eye  should  be  examined  by  oblique  focal  illumina- 
tion ;  the  fundus  should  be  explored  with  the  ophthalmoscope 
so  far  as  is  possible,  and  in  cases  of  partial  opacity  of  the  lens 
the  best  view  of  it  will  be  obtained  (after  dilating  the  pupil 
with  homatropine)  by  using  a  magnifying  lens  of  13  D  to  20  D 
in  the  ophthalmoscope  and  carefully  focussing. 

With  the  advance  of  age  the  lens  becomes  harder,  less 
elastic,  and  3'ellow;  in  some  cases  a  cataract  may  be  suspected 
at  first  bj^  using  only  oblique  illumination — the  ophthalmo- 
scope proving  that  none  exists,  by  the  perfect  view  of  the  fun- 
dus that  is  obtained.  If  the  opacity  commence  about  the 
centre  of  the  lens  it  is  called  a  nuclear  cataract;  if  at  the  pe- 
riphery, a  cortical  one.  Nuclear  cataracts  generally  occur  in 
old  patients  (senile  form),  as  do  man^^  cortical  ones,  but  a  large 
proportion  of  the  latter  develop  at  an  early  age.  Cases  of 
cataract  come  under  one  of  two  groups :  the  hard  form,  for 
which  extraction  is  the  only  operation,  and  the  soft,  for  which 
operations  involving  absorption  by  means  of  the  aqueous  hu- 
mor (needling,  suction,  etc.)  are  performed.  Roughly  speak- 
ing, cataracts  occurring  under  the  age  of  thirty  or  thirty-five 
are  of  the  soft  variety. 

1.  Senile  Cataract. — Is  commonly  seen  after  the  age  of 
forty-five  or  fift}'.  No  cause  can  generally  be  assigned;  it 
has,  however,  been  stated  that  a  considerable  number  of  the 
patients  present  atheromatous  changes  in  the  carotid  vessels, 
or  other  evidence  of  impaired  circulation  (Michel).  As  already 
noted,  it  may  commence  in  either  cortex  or  nucleus,  commonly 
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the  latter.  The  first  symptom  is  dimness  of  vision,  especially 
in  the  distance;  sometimes  the  near  vision  is  at  first  unusu- 
ally acute,  owing-  to  the  development  of  slig-ht  myopia.  The 
patient  may  complain  of  seeing  two  or  inore  images  with  the 
afTected  eye  (monocular  diplopia)  when  the  changes  are  in- 
complete. The  rate  of  progress  is  very  variable ;  usuallj^  one 
to  three  years  elapse  before  the  cataract  is  mature  or  ripe, 
though  some  cases  are  very  much  slower;  as  a  rough  rule,  a 
senile  cataract  advances  most  rapidly  in  a  comparativelj'^ 
young  patient  {e.g.,  forty  to  fifty  j'ears  old). 

Varieties. — A  Morgagnian  cataract  is  one  in  which  a  very 
hard  nucleus  is  surrounded  by  liquid  or  very  soft  lens  matter, 
and  is  nearly  always  an  over-ripe  one. 

A  "black  cataract"  is  ver^^  rare;  the  lens  is  universally 
hard,  and  dark  brown  color;  it  is  less  easily  detected  by  direct 
illumination,  and  the  patient  usuall.y  retains  more  vision  when 
it  is  complete  than  in  the  ordinary  3'ellowish-white  or  white 
form  {i.e.,  he  can  count  fingers  held  at  the  distance  of  a  few 
feet).  An  "  atrophic  cataract "  is  due  to  shrinking,  and  some- 
time calcification  of  a  lens  which  has  been  opaque  for  many 
years;  it  is  most  unfavorable  for  operation. 

Prognosis  of  Operation  for  Senile  Cataract. — Taking  the 
statistics  of  the  modern  method  of  extraction,  it  may  be  said 
that  usualh^  5  per  cent  (1  in  20)  are  complete  failures,  o wing- 
to  suppuration,  severe  iritis,  etc.  A  considerable  number  of 
the  95  per  cent  of  successful  cases  do  not  attain  perfect  sight 
after  the  operation,  owing-  to  persistent  irritability  of  the  eye, 
irreg-ular  astigmatism,  slight  iritis,  etc.  And  in  a  few  cases 
sympathetic  inflammation  of  the  other  eye  follows  an  appar- 
ently successful  extraction.  As  a  g-eneral  rule  a  senile  cata- 
ract should  not  be  operated  on  until  it  is  ripe,  and  until  the 
opacity  is  so  great  in  both  ej'^es  that  the  patient  can  no  longer 
see  to  do  his  work;  one  eye  should  onh^  be  operated  on  at  a 
time,  and  operations  should  be  avoided,  if  possible,  in  very  old 
and  feeble  patients,  and  during  extremely  hot  or  cold  weather. 
It  is  most  important  to  remember  that  the  existence  of  a 
muco-purulent  discharge  (generally  from  chronic  infiammation 
of  the  lacrymal  sac)  will  almost  certainly  lead  to  suppuration 
after  cataract-extraction,  and  hence  the  operation  should  never 
be  undertaken  until  the  inflammation  is  cured  by  appropriate 
treatment. 
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The  followiiii;-  are  forms  of  cataract  which  are  more  or  less 
misuited  for  operation,  or  in  which  a  perfect  result  cannot  be 
expected : 

1.  Secondary  cataract — afteriritis,  g-laucoma,  etc.  In  hig'hly 
myopic  patients  with  cataract  the  vitreous  is  often  abnormaHy 
fluid,  and  there  may  be  detachment  of  the  retina,  or  other  de- 
g-enerative  changes. 

'2.  Diabetic  cataract.  Here  everything-  depends  on  the 
patient's  state  of  health;  if  he  has  lost  much  flesh,  is  affected 
with  lung-  disease,  or  if  the  quantity  of  sug-ar  in  the  urine  be 
very  larg-e,  no  operation  should  be  undertaken. 

3.  Cataract  in  a  lens  dislocated  by  injury.  If  operated  on, 
the  scoop  will  have  to  be  used,  and  more  or  less  escape  of 
vitreous  (from  previous  rupture  of  the  suspensory  lig-ament) 
must  inevitably  follow. 

4.  Anterior  polar  (pyramidal)  cataract.  (See  Fig-.  1.  P^^ra- 
midal  cataract  is  left  by  an  attack  of  ophthalmia  neonatorum.) 
The  opacitj^  is  very  small,  and,  as  a  rule,  remains  stationary, 
and  requires  no  treatment.  Similarly  no  case  of  cataract 
should  be  operated  on  if  the  opaque  parts  are  so  limited  as 
not  to  prevent  the  patient  retaining  fair  vision. 

When  is  a  Case  of  Senile  Cataract  ready  for  Operation? 
— As  a  rule,  one  aye  fails  before  the  other,  and  so  long-  as  the 
j)atient  sees  well  enough  to  do  his  work,  etc.,  with  the  best 
eye,  it  is  wise  to  defer  operating-  on  the  other.  For,  apart 
from  the  slight  risk  of  sympathetic  ophthalmia  following-  the 
operation,  supposing  that  all  goes  well,  the  operated  eye  will 
of  course  require  a  strong  convex  glass,  and  the  image  formed 
on  its  retina  will  be  of  a  different  size  to  that  formed  in  the 
other  eye,  and  hence  binocular  vision  cannot  be  well  carried 
out.  Supposing  the  cataracts  to  be  so  advanced  that  the  pa- 
tient can  no  longer  see  to  do  his  work  (in  fact,  is  practically 
blind),  the  following  tests  should  be  tried  before  deciding  upon 
operation:  1.  Examine  by  focal  illumination.  If  the  opacity 
comes  forward  to  the  iris,  if  the  latter  throws  no  shadow  on 
the  lens,  then  the  cataract  is  probably  mature. 

2.  Throw  a  strong  light  suddenly  on  the  eye,  the  other 
being  covered;  the  pupil  should  contract  to  the  illumination. 

3.  The  patient  should  have  distinct  perception  of  light, 
should  know  when  the  eye  is  shaded  or  not. 

4.  He  should  have  fair  peripheral  vision,   i.e.,  in  a  dark 
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room,  when  looking  straight  forward,  he  should  be  able  to  tell 
the  position  of  a  lighted  candle  when  moved,  about  in  different 
positions  at  the  distance  of  several  feet  from  his  eye. 

l^OTE. — In  some  cases  of  very  slowly  advancing  cataract, 
the  sight  being  greatly  impaired,  a  preliminary  iridectomy 
may  be  done  upward,  and  extraction  performed  later.  The 
same  applies  to  cases  in  which  special  risk  or  fear  of  complica- 
tions exists  {e.g.,  myopic  cases;  or  those  in  which  the  other 
eye  has  previosuly  been  operated  on  with  complete  failure). 

2.  Traumatic  Cataract. — If  the  lens  capsule  is  wounded 
by  a  penetrating  instrument,  as  a  rule  the  whole  lens  becomes 
opaque  within  a  few  days,  owing  to  the  soaking-  in  of  the  aque- 
ous humor.  The  lens  matter  swells  and  protrudes  more  or 
less  into  the  anterior  chamber.  Iritis  is  very  liable  to  occur, 
and  the  pupil  should  be  kept  dilated  with  atropine.  Should, 
however,  the  tension  rise  and  the  eye  become  painful,  owing  to 
the  rapid  swelling  of  the  lens,  it  is  best  to  make  a  corneal  sec- 
tion with  a  narrow  keratome  (usually  on  the  outer  side  of  the 
eye);  introduce  a  curette  just  within  the  wound,  and  let  out 
as  much  of  the  white  matter  as  will  come.  Ice  or  iced  water 
continually  applied  over  the  closed  lids  is  a  useful  adjunct  to 
the  atropine,  which  should  be  used  three  or  four  times  a  day, 
until  all  trace  of  iritis  has  subsided,  whether  any  operation 
is  performed  or  not.  If  the  cataract  is  gradually  absorbed  by 
the  action  of  the  aqueous,  the  pupil  will  nearly  always  remain 
blocked  by  the  remains  of  opaque  capsule  and  lens  matter; 
but,  provided  the  patient  can  see  well  with  the  other  eye,  it  is 
best  to  leave  this  alone,  since  an  operation  done  for  appearance* 
sake  on  such  an  eye  is  by  no  means  free  from  risk  of  causing 
(1)  inflammatory  or  suppurative  changes  in  the  eye  itself,  (2) 
sympathetic  mischief  in  the  other  one. 

Concussion  cataract  is  a  form  of  traumatic  cataract,  in 
which  the  opacity  of  the  lens  (generally  extremely  limited, 
and  dotted  opacity  on  the  anterior  or  posterior  pole)  is  due  to 
a  blow  on  the  eye  {e.g.,  with  the  fist),  without  penetrating 
wound  of  the  cornea.  It  is  probable  that  in  most  of  these 
cases  the  capsule  is  very  slightly  ruptured.  Of  course,  being 
usually  opposite  the  centre  of  the  pupil,  these  small  opacities 
may  considerably  interfere  with  vision;  but  the  rest  of  the 
lens  may  remain  quite  clear,  and  no  treatment  is  then  indi- 
cated.    In  other  cases  the  opacity  slowly  invades  the  rest  of 
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the  lens;  an  operation  may  then  be  called  foi*,  owing  to  the 
cataract  interfering-  with  the  patient's  work,  etc.,  and  will 
consist  either  in  needling-  in  3'oung  subjects,  or  extraction  in 
old  ones. 

3.  Lamellar  cataract  {synonym.,  Zonular  c). — The  nucleus 
and  cortex  of  the  lens  are  clear,  but  between  them  intervenes 
a  layer  (lamella)  of  opaque  matter,  with,  in  most  cases,  little 
spicules  projecting-  into  the  clear  peripheral  part.  This  pecu- 
liar form  of  cataract  is  either  congenital,  or  comes  on  soon 
after  birth ;  affects  both  eyes,  and  does  not  tend  to  spread  to 
the  whole  lens.  Its  subjects  have  in  nearly  all  cases  been 
liable  to  convulsions  in  infancy,  and  present  peculiar  mal- 
formations of  the  permanent  teeth.  These  (especially  the  in- 
cisors and  canines)  are  more  or  less  dwarfed  or  grooved  hori- 
zontally. It  is  held  that  this  horizontal  wearing  away  of  the 
enamel  is  due  to  the  mercury  which  has  been  g-iven  for  the 
convulsions  (Hutchinson).  The  amount  of  visual  defect  in  a 
patient  with  lamellar  cataract  varies  much;   as  a  rule  it  is 


Fig.  13.— Oataract-needle.     (The  end  is  represented  too  wide.) 

only  noticed  when  the  child  begins  to  learn  to  read.  Occa- 
sionally its  subjects  are  mentally  defective.  To  see  the  cata- 
ract properly  the  pupil  must  be  dilated,  when  the  white  circle 
with  the  little  projections  of  opacity  are  seen  by  focal  illumina- 
tion, or  by  using-  the  ophthalmoscope.  The  patient  sees  better 
when  the  pupil  is  dilated,  since  then  the  raj^s  can  pass  throug-h 
the  clear  part  of  the  cortex,  and  in  attempting-  to  read,  etc., 
he  holds  the  object  near  to  the  eye,  in  order  to  compensate  by 
the  increased  size  of  the  imag-e  for  its  want  of  clearness. 

Treatment. — If  the  vision  is  sufficiently  g-ood  to  enable  the^ 
patient  to  read  moderately  well  {e.g.,^^  and  4  J.),  no  operation 
should  be  performed.  But  in  most  cases  either  an  iridectomy 
or  the  needling-  operation  is  required;  if  the  use  of  atropine 
much  improves  the  vision,  the  former  should  be  done  (down- 
ward and  a  little  inward) ;  if  not,  the  latter.  Here  may  be 
described  the  chief  operations  for  soft  cataract : 

1.  Simple  needling.  The  pupil  is  to  be  well  dilated  with 
atropine;  a  speculum  introduced,  or  the  lids  held  open  by  the 
fing-ers,  and  a  sharp  cataract -needle  inserted  obliquely"  throug-h 
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the  periphery  of  the  cornea  and  into  tlie  lens  at  the  centre  of 
the  pupil.  The  needle-point  is  moved  about  so  as  to  tear  the 
capsule  and  part  of  the  lens,  and  then  quickly  withdrawn, 
carefully  avoiding-  touching  the  iris.  Atropine  is  ag-ain  ap- 
plied, with  ice,  for  a  day  or  two. 

The  lens  matter  imbibes  the  aqueous,  swells  up  more  or 
less,  and  is  gradually  absorbed.  At  the  end  of  six  or  eig'ht 
weeks  the  needling-  will  probably  require  to  be  repeated,  and 
sometimes  the  case  will  need  three,  four,  or  even  more  opera- 
tions; tough  opaque  capsule,  which  is  sometimes  left  at  the 
end,  being-  either  torn  with  two  needles,  or  cut  across  with  De 
Wecker's  special  scissors,  introduced  throug-h  a  small  periph- 
eral corneal  wound. 

This  tedious,  but,  as  a  rule,  very  safe  method  of  treating- 
soft  cataracts,  may  be  replaced  by: 

2.  Suction.  In  this  method  a  free  needling  is  performed; 
then  a  keratome  or  broad  cutting-  needle  introduced  through 
the  cornea  on  the  outer  side,  and  through  this  wound  the 
nozzle  of  a  special  form  of  syring-e  is  passed  into  the  lens,  and 
the  cataract  g-ently  sucked  out.     Similar  after-treatment. 

3.  A  curette  is  used  instead  of  the  syringe,  and  by  pressure 
exerted  with  the  index-finger  the  soft  lens  matter  is  squeezed 
g-entl}'  out  along-  the  curette,  the  end  of  which  is  introduced 
just  within  the  anterior  chamber.  This  operation  should  be 
performed  after  a  free  needling-  has  caused  the  lens  matter  to 
swell  up  and  soften. 


CHAPTER  VI. 

GLAUCOMA. 

The  essential  feature  of  this  disease  is  an  increase  of  ten- 
sion of  the  globe,  due  to  obstructed  filtration  of  fluid  from  the 
eye,  and  possibly  to  hyper-secretion  within  it.  In  the  normal 
e^^e  there  is  a  constant  filtration  of  fluid  from  behind  forward 
throug-h  the  suspensory  lig-ament  of  the  lens  and  part  of  the 
ciliar}'  processes  and  iris  into  the  angle  of  the  anterior  cham- 
ber, the  spaces  of  Fontana  and  the  canal  of  Schlemm.  Thus 
a  sort  of  equilibrium  is  kept  up,  the  tension  of  an  eye,  how- 
ever, varying  very  slightly  from  time  to  time.  Any  obstruc- 
tion to  the  outflow,  either  from  inflammatory^  changes  at  the 
ciliary  angle,  from  increase  in  size  of  the  lens  (which  Priestley 
Smith  has  found  to  occur  as  age  advances),  or  from  congestion 
about  the  ciliary  region,  imiDcding  the  escape  into  the  blood- 
vessels, is  liable  to  set  up  glaucoma.  Further,  glaucoma  is 
more  common  in  eyes  with  a  firm  unyielding  sclerotic  (elderly 
patients,  especially  those  i^reviously  hypermetropic)  than  those 
with  a  yielding  one  (myopic  ej^es).  If  glaucoma  comes  on  ap- 
parently spontaneously  it  is  called  primary  (nearly  all  cases 
of  acute  glaucoma  are  primar}');  if  following  some  other  dis- 
ease of  the  eye  it  is  said  to  be  secondary.  Among  the  causes 
of  secondary  glaucoma  are :  1.  Traumatic  cataract,  in  cases 
where  the  lens  swells  up  rapidly.  2.  Dislocation  of  the  lens, 
where  it  presses  on  the  ciliary  region.  3.  Severe  iritis,  fol- 
lowed by  occlusion  or  exclusion  of  the  pupil.  4.  Intraocular 
tumors.  5.  Cyclitis  (inflammation  of  the  ciliar}-  region);  or 
irido-cyclitis,  such  as  is  occasionally  due  to  inherited  syphilis. 
6.  Sympathetic  ophthalmia. 

Glaucoma  is  divided  into  the  acute  and  chronic  forms, 
tj-pical  cases  of  which  difi"er  extremely;  but  intermediate 
stages  are  met  with,  and  it  is  not  uncommon  for  a  chronic 
case  to  have  acute,  or  subacute,  attacks.     Acute  glaucoma 
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is  much  more  common  among  women  than  men,  and  about  75 
per  cent  of  the  total  number  of  glaucoma  cases  are  met  with 
between  the  ages  of  forty  and  seventy  years,  so  that  glaucoma 
is  chiefl}^  a  disease  of  advanced  adult  or  old  age. 

Predisposing  Causes  of  Primary  Glaucoma. — 1.  An  in- 
herited tendency  is  observed  in  some  cases.  2.  The  advance 
of  life;  we  may  almost  speak  of  the  period  after  forty  years 
of  age  as  the  "  glaucomatous  period ;  "  this  may  be  connected, 
perhaps,  with  the  increase  in  size  of  the  lens  (Priestley  Smith). 
3.  Excessive  use  of  the  eyes,  leading  to  congestion ;  prolonged 
strain,  as  in  night-nursing,  etc.,  grief,  or  mental  emotion  (es- 
pecially if  the  patient  weeps  or  "frets"  much)  or  sudden  men- 
tal shock,  are  all  circumstances  which  may  bring  on  an  attack 
in  a  patient  predisposed  to  glaucoma.  4,  There  is  certainlj^  a 
connection  between  gout  and  glaucoma,  and  it  will  be  found 
that  acute  glaucoma  is  especially  frequent  in  the  autumn,  as 
the  cold  weather  comes  on,  and  the  patient's  change  of  diet 
and  habits  renders  him  liable  to  an  attack  of  either  acute  gout 
or  glaucoma.  5.  The  use  of  atropine  in  elderly  patients  (and 
even  of  homatropine)  has  occasionally  been  followed  by  acute 
glaucoma,  and  hence  it  should  be  avoided  if  possible.  The 
reason  is  to  be  found  in  the  atropine  causing  the  iris  to  ob- 
struct filtration  by  forcing  it  up  into  the  angle  of  the  anterior 
chamber. 

Symptoms  of  Acute  Glaucojna. — Often  there  are  premoni- 
tory signs,  of  which  the  following  are  the  most  important: 
rapid  increase  of  presbyopia,  attacks  of  passing  congestion, 
pain  and  dimness  or  "fogginess"  of  vision,  haloes  (colored 
rings)  seen  when  looking  at  a  distant  light.  Finally,  acute 
glaucoma  develops,  the  vision  becomes  suddenly  much  worse 
(all  degrees  up  to  complete  blindness),  there  is  verj^  severe 
pain  in  the  eye  and  head,  with  frequently  a  feeling  of  sickness 
or  actual  vomiting,  and  the  eye  presents  the  following  fea- 
tures :  Congestion  of  the  globe  and  lids,  with,  perhaps,  chemo- 
sis;  dimness  or  steaminess  of  the  cornea  and  aqueous,  which 
obscures  the  iris,  etc.;  pupil  moderately  dilated  and  fixed,  or 
acting  but  ver^^  slightly  to  light  or  shade;  if  the  fundus  can 
be  seen  there  is  a  depression  (cupping)  of  the  whole  disc;  the 
veins  are  engorged,  and  there  is  arterial  and  venous  pulsation, 
and  the  tension  is  raised  (often  the  globe  cannot  be  indented 
at  all,  then  T  =  H-  3).    The  cornea  is  frequently  angesthetic. 
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The  visual  field  is  found  to  be  much  narrowed,  its  inner  side 
g-oing-  first,  and  the  patient  generally  himself  notices  this  nar- 
rowing", being  unable  to  see  objects  unless  held  in  a  line  with 
his  eye.  If  the  loss  of  vision  is  almost  complete,  the  narrow- 
ing of  the  field  ma}'  still  be  recognized  by  moving  a  lighted 
candle  in  front  of  tlie  patient  as  he  looks  straight  forward. 
The  lens  looks  turbid,  or  grayish,  and  not  uncommonly,  in 
acute  glaucoma,  no  view  of  the  fundus  at  all  can  be  obtained. 
The  anterior  chamber  is  generally  very  shallow,  but  this  is 
not  constant. 

Diagnosis. — The  importance  of  remembering  the  signs 
g-iven  above  is  very  great,  as  an  error  of  diagnosis  is  often 
made  during  the  first  few  days,  when  immediate  treatment 
can  alone  be  expected  to  restore  the  sight.  The  headache  and 
sickness  may  be  thought  to  indicate  merely  a  "  bilious  attack: " 
or  the  congestion  and  dimness  of  the  media  may  be  held  to 
show  "  iritis,"  and  atropine  used  with  disastrous  effect;  finally, 
the  chemosis  and  slight  watery  discharge  maj^  lead  to  the 
diagnosis  of  "  acute  conjunctivitis."  The  one  essential  test  is 
the  estimation  of  the  eyeball  tension. 

Treatment. — Ma}'  be  summed  up  in  one  word — iridectomy. 
In  a  severe  acute  case  the  necessity  should  be  urged  on  the 
patient  of  an  immediate  operation,  which  should  be  performed 
under  an  angesthetic  if  possible,  the  wound  being  made  periph- 
eral in  the  upper  part  of  the  sclero-corneal  junction,  and  a 
considerable  piece  of  the  iris  excised  (see  Operations — Iridec- 
tomy, page  411).  The  pressure  on  the  retina  and  optic  nerve 
tends  to  completely  destroy  their  functions,  and  hence,  after 
acute  glaucoma  has  existed  some  time,  sight  will  not  be  re- 
gained, even  if  the  tension  and  pain  are  lessened  b}^  an  opera- 
tion. The  urgency  for  the  latter  in  acute  glaucoma  is  as  un- 
doubted as  in  strangulated  hernia. 

If,  however,  the  patient  will  not  consent  to  an  operation  at 
once,  or  if  the  attack  is  a  subacute  one,  and  has,  perhaps, 
occurred  before,  eserine  should  be  used.  A  solution  of  two 
grains  of  eserine  to  the  ounce  of  water  (to  which  cocaine  may 
be  added — two  per  cent)  should  be  applied  very  frequently,  and 
the  eyes  should  be  protected  from  light.  Pilocarpine  (four 
grains  to  the  oance),  like  eserine,  diminishes  tension  and  con- 
tracts the  pupil,  but  its  effects  are  less  marked  as  a  rule. 
Paracentesis  of  the  cornea  (pricking  it  toward  the  lower  bor- 
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der  with  a  broad  needle  and  letting-  out  the  aqueous  humor)  is 
of  teniporar^^  use.  Turpentine,  given  internally  (half-drachm 
to  one-drachm  doses  in  emulsion  three  times  daily),  is  recom- 
mended by  some.  Of  these  adjuvant  measures  the  use  of 
eserine  is  the  most  important,  but  all  of  them  are  quite  second- 
ary in  obtaining-  a  cure  to  early  iridectomy. 

Prognosis. — The  rapidity  with  which  complete  and  per- 
manent blindness  comes  on  in  untreated  cases  varies  much, 
and  so  long  as  there  is  some  sight  left  in  a  case  of  acute  glau- 
coma iridectomy  should  be  tried.  But  when  it  has  been  wholly 
lost  for  some  time,  the  operation  will,  as  a  rule,  merely  relieve 
the  pain,  etc.,  if  it  is  still  complained  of. 

If  done  early  and  freel^^  (the  incision  being  placed  as  far 
back  as  is  safe)  the  results  are  generally  very  g-ood.  The  pa- 
tient may  reg-ain  perfect  vision  (although  some  astigmatism, 
resulting-  from  the  operation,  may  need  correction),  and  the 
tension  remain  normal,  partly,  no  doubt,  owing-  to  the  filtra- 
tion which  occurs  throug-h  the  thin  scar. 

In  a  few  cases  free  retinal  or  vitreous  hemorrhages  follow 
the  sudden  relief  of  tension  b^^  iridectomy ;  in  a  few  others  the 
lens  is  wounded  during-  the  operation  (if  a  keratome  be  used) 
and  cataract  ensues;  there  is  an  appreciable  risk  of  staphy- 
loma and  of  sympathetic  ophthalmia  after  the  operation;  and 
in  some  the  glaucomatous  sj^iiptoms  recur.  If  the  latter 
happens,  or  if  the  tension  remains  rather  full,  a  careful  trial 
of  eserine  may  be  made;  and  if  this  fails  a  second  iridectomy 
may  be  made,  or  what  is  known  as  sclerotomy  performed.  In 
sclerotomy  the  incision  is  made  with  a  Graefe's  knife,  in  the 
same  position  as  an  iridectomy,  but  the  conjunctiva  is  only 
divided  at  the  points  of  puncture  and  counter-puncture,  and 
no  iris  is  removed.  It  is  even  more  difficult  to  perform  well 
than  iridectomy. 

Symptoms  of  Chro7iic  Glaucoma. — The  congestion  of  the 
conjunctiva  and  sclerotic  is  comparatively  slight,  or  maj'  at 
times  be  quite  absent;  but  if  it  has  existed  for  long  there  is  a 
grayish-blue  ring  seen  just  behind  the  cornea,  due  to  thinning 
of  the  sclerotic,  and  there  may  be  slight  bulging  at  this  spot. 

The  media  are  usually  perfectly  clear,  so  that  a  good  view 
of  the  fundus  can  be  obtained  (the  lens,  however,  tends  slowly 
to  become  cataractous) ;  the  pupils  react  to  light  (but  often 
sluggishl^^),  so  long  as  the  sight  is  retained,  and  there  may  be 
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very  little  pain  during-  the  progress  of  the  disease.  The  ten- 
sion of  the  g-lobe  varies  much  from  time  to  time,  and  the  an- 
terior chamber  maj'  be  deeper  than  normal.  The  two  most 
diagnostic  symptoms  are  the  state  of  the  disc  (cupping-,  sudden 
bending-  of  the  vessels  as  they  emerge  from  the  disc,  venous 
pulsation,  and  sometimes  arterial,  especially  on  slight  pressure 
on  the  g-lobe,  grayness  of  the  nerve  from  atrophy),  and  the 
narrowing  of  the  visual  field  (as  taken  with  a  perimeter). 
With  regard  to  the  latter,  the  field  for  white  may  be  concen- 
trically narrov/ed;  its  inner  part  may  be  limited  or  absent,  or 
there  may  be  considerable  irregularity  in  the  outline. 

Vision,  both  near  and  distant,  tends  steadily  to  deteriorate, 
though  in  some  cases  many  years  may  elapse  before  it  com- 
pletely goes,  and  in  a  few  it  remains  stationary  for  long. 
Rainbow-rings  seen  round  a  distant  light,  throbbing  in  the 
globe,  headache,  and  attacks  of  "mist  before  the  eyes,"  are 
frequent  symptoms.  The  most  prominent  differences  between 
acute  and  chronic  glaucoma  may  be  recapitulated  in  a  table: 


1.  Conjunctiva,  etc. 

2.  Cornea 

3.  Iris 

4.  Anterior  chamber 

5.  Disc 

6.  Field,  etc 


ACUTE  GLAUCOMA. 


Great  congestion,  per- 
haps chemosis. 


Steamy,  anaesthetic . . . . 
Pupil  dilated  and  fixed. 


Shallow 


Media  often  too  heavy 
to  see  through  ;  disc 
found  cupped  some- 
what, and  arterial 
pulsation  present. 

Vision  rapidly  lost ;  field 
extremely  limited. 


CHRONIC  GLAUCOMA. 


Congestion  slight  or  ab- 
sent; bluish  circum- 
corneal  ring  in  old 
cases. 

Clear. 

Pupil  normal,  or  rather 
sluggish,  and  slightly 
dilated. 

Generally  normal  or 
deep. 

Media  clear  ;  deep  cup- 
ping and  whiteness  of 
the  nerve  ;  pulsation 
marked  as  a  rule. 

Field  more  or  less  lim- 
ited ;  central  vision 
may  be  good. 


Treatment  of  Chronic  Glaucoma. — An  operation  is  far  less 
successful  in  this  form ;  nevertheless,  a  free  upward  iridectomy 
may  be  done  if  the  sight  is  steadily  deteriorating-  in  spite  of 
treatment,  or  if  an  acute  attack  supervenes.  It  may  be  ex- 
pected to  result  in  the  patient  at  least  retaining"  what  vision 
he  had  before  the  operation,  and  sometimes  it  improves  it. 

The  avoidance  of  anything-  likely  to  cause  congestion  of 


384  Aids  to  Ophthalmic  Medicine  and  Surgery. 

the  eyes,  careful  attention  to  the  patient's  health  (avoidance 
of  stimulants  and  regulation  of  diet  if  g'out  be  present),  and 
the  long-continued  use  of  weak  eserine  drops  (^  to  2  grains  to 
the  ounce,  applied  once  or  twice  daily),  or  of  pilocarpine,  are 
the  chief  measures  of  treatment.  In  some  cases  the  patient 
is  obviously  angemic,  or  out  of  health,  and  tonics  may  do  good. 
The  bowels  should  be  kept  regular  in  action. 

Prognosis. — As  a  general  rule,  the  younger  the  patient 
the  worse  the  prognosis.  As  regards  iridectomy,  those  cases 
in  which  the  pupil  contracts  well  on  using  eserine  are  much 
more  favorable  for  operation  than  those  in  which  it  acts  very 
little  or  not  at  all. 

The  prognosis  of  secondary  glaucoma  is  worse  than  that 
of  primary  on  the  whole,  and  some  cases  {e.g.,  due  to  tumor, 
old  dislocation  of  the  lens,  relapsing  cj^clitis)  can  onlj'-  be 
treated  by  excision  of  the  eye. 

In  both  acute  and  chronic  glaucoma,  if  one  eye  has  been 
affected  there  is  considerable  risk  of  the  other  becoming*  glau- 
comatous also,  and  a  good  many  cases  are  symmetrical  from 
the  first. 


OHAPTEE   YII. 

INJURIES  TO   THE  EYE. 

With  the  various  forms  of  injury  to  the  eye  and  their 
treatment  the  student  should  be  thoroughly  familiar,  as  they 
are  very  often  met  with  in  practice.  We  may  consider  them 
under  the  following  heads : 

1.  Burns  and  Scalds. — In  recent  cases  of  burn  or  scald  of 
the  lids  it  should  be  ascertained  as  soon  as  practicable  whether 
the  g-lobe  has  escaped  injury  or  not.  Some  non-irrritating- 
ointment  should  be  applied  between  the  lids  from  day  to  day, 
and  if  there  is  much  discharge  syringing  gently  with  boracic 
lotion  is  advisable,  if  conjunctivitis  persists  a  mild  astringent 
(two  grains  of  sulphate  of  zinc  or  of  nitrate  of  silver  to  the 
ounce)  should  be  used.  If  there  is  much  swelling  of  the  lids, 
continuous  cold  applications  give  relief,  and  may  save  the  eye. 

If,  however,  the  cornea  has  been  severel}^  injured,  and  sub- 
sequently^ slough,  enucleation  may  become  necessary.  Burns 
of  the  conjunctiva,  especially  if  due  to  caustic  lime  or  strong 
acids,  are  almost  certain  to  be  followed  hy  adhesion  between 
ocular  and  palpebral  layers  (symblepharon),  which  in  a  few 
cases  may  be  subsequently  relieved  b3^  operation.  But  the 
great  risk  of  such  injuries  is  to  the  cornea,  which  is  seen  to  be 
whitened  and  dim  when  the  lids  are  separated.  The  opacity 
rarely  clears,  indeed,  it  generally  becomes  worse,  and  a  most 
guarded  prognosis  should  be  given.  The  irritant  should  be 
completel}^  removed  by  syringing  with  a  weak  acid  or  alkaline 
solution  (depending  on  the  nature  of  the  caustic  which  has  in- 
flicted the  injury),  and  castor-oil  should  be  dropped  in,  or  the 
ung.  acidi  boracici  used  for  several  days,  the  eye  being*  lightly 
bandaged  meanwhile.  Pure  cocaine  (not  its  salts)  will  dissolve 
in  castor-oil,  and  may  relieve  the  pain  if  so  applied  after  a  burn 
of  the  conjunctiva. 

Foreign  Bodies. — Small  sharp  objects  often  become  flrmlj'- 
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fixed  in  the  cornea.  If  not  readily  seen  by  dayli^'ht  carefully 
examine  with  the  aid  of  lens  and  artificial  illumination.  Apply 
a  2-per-cent  solution  of  cocaine,  until  the  conjunctiva  is  in- 
sensitive, and  then,  standing-  behind  the  patient,  remove  the 
foreign  body  with  a  small  spud,  or  (if  firmly  imbedded)  with  a 
mounted  needle.  If  a  piece  of  steel  or  iron  has  been  fixed  for 
some  time  a  ring  of  rust  will  remain  after  it  has  been  ex- 
tracted; this  can  easily  be  removed.  Bandage  the  eye  up  for 
twenty-four  hours,  and  if  the  irritation  is  severe  use  atropine 
and  cold  compress.  The  removal  is  rendered  easier  by  gently 
fixing  the  globe  with  the  left  index-finger,  pressing  through 
the  lower  lid.  If  "something  has  gone  into  the  eye,"  and  it  is 
not  found  on  the  cornea  or  conjunctiva,  look  for  it  in  each 
palpebral  fold,  everting  the  upper  lid,  and  making  the  patient 
look  downward,  in  order  to  expose  the  upper  fold.  It  is  very 
often  found  on  the  inner  surface  of  the  upper  lid.  Sometimes 
a  foreign  body  of  considerable  size  {e.g.,  an  insect)  has  travelled 
under  the  upper  lid  and  set  up  conjunctivitis  without  the  pa- 
tient being  aware  of  the  cause  of  his  trouble,  the  conjunctivitis 
being,  of  course,  of  one  eye  only,  and  thus  exciting  the  sur- 
geon's suspicion  of  its  cause. 

Occasionally  an  eyelash  becomes  fixed  in  one  of  the  puncta 
lachrymalia,  and  sets  up  much  irritation;  in  these  cases  the 
congestion  being  greatest  on  the  inner  side  of  the  globe  will 
attract  attention. 

A  foreign  body,  especially  a  chip  of  iron  or  steel,  is  some- 
times driven  almost  through  the  cornea,  so  that  its  end  pro- 
jects into  the  anterior  chamber;  it  is  then  impossible  to  re- 
move it  by  the  ordinary''  way,  and  a  broad  needle  must  be 
entered  toward  the  edge  of  the  cornea,  and  its  end  used  to 
press  up  the  foreign  body,  while  the  wound  is  enlarged  and 
the  foreign  body  extracted.  This  operation  requires  much 
care,  and  it  is  perhaps  best  to  give  an  anaesthetic  before  it  is 
attempted.  The  foreign  body  may  be  driven  right  through, 
so  as  to  rest  in  the  anterior  chamber,  or  to  be  fixed  in  the  iris 
or  lens.  To  remove  it  a  small  corneal  section  should  be  made, 
and  the  canula  or  fine  iris-forceps  used.  If  of  iron,  the  for- 
eign body  may  be  removed  by  the  fine  point  of  an  electro- 
magnet introduced  through  a  corneal  wound.  If  the  lens 
capsule  has  been  wounded  cataract  will  certainly  follow;  for 
its  treatment  see  "Traumatic  Cataract"  (page  376).     If  fixed 
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in  the  iris  a  small  piece  of  the  latter  may  be  excised,  bringing- 
with  it  the  foreign  body.  It  should  be  remembered  that  the 
patient  is  often  quite  mistaken  about  the  size  of  the  foreign 
bod}',  and  that  the  wound  of  entrance  is  often  difficult  to  find. 
I  once  removed  a  steel  needle  two-thirds  of  an  inch  long,  which 
had  traversed  the  lens  and  vitreous,  and  become  fixed  in  the 
sclerotic ;  the  blunt  end  onh'  showed  in  the  anterior  chamber, 
and  the  patient  described  the  bit  of  steel  as  "  very  small."  If 
there  is  any  doubt  as  to  penetration  by  a  foreign  body,  and  it 
cannot  be  seen  on  examination,  homatropine  should  be  used 
and  the  fundus  thoroughly  explored.  Fragments  of  iron  have 
often  been  removed  from  the  posterior  part  of  the  eye  by 
means  of  an  electro-magnet  point  introduced  through  a  wound 
of  the  sclerotic,  and  sometimes  with  complete  success,  but  un- 
fortunately in  most  cases  inflammation  supervenes  and  vision 
is  much  deteriorated.  Suppuration  may  follow  penetrating 
wounds  of  the  cornea  or  sclerotic,  especially  if  some  septic  or 


Fig.  14. — Canula-forceps. 

dirty  matter  is  introduced,  and  there  is  hardly  any  limit  to 
the  variety  of  foreign  bodies  which  are  occasionally  imbedded 
in  the  ej^e.  Bits  of  glass  (from  bursting  of  bottles)  and  shot 
are  common  ones;  in  one  case  I  excised  an  eye,  the  anterior 
chamber  of  which  was  half  full  of  brick-dust.  Air-bubbles  in 
the  vitreous  after  wound  of  the  sclerotic  are  occasionally  seen, 
and  are  somewhat  difficult  to  distinguish  from  fragments  of 
iron,  etc. 

If,  in  spite  of  treatment,  the  eye  inflames  severely,  so  that 
sight  is  lost,  and  especially  if  a  foreign  body  is  believed  to  be 
still  in  the  globe,  excision  should  be  performed. 

Abrasions  of  the  Cornea. — Minute  scratches  of  the  corneal 
epithelium  give  rise  to  intense  photophobia  and  lachrymation; 
they  are  sometimes  seen  in  women  nursing  infants,  and  due 
to  the  latter's  fingers.  Hypop^'on-iritis  may  be  set  up,  and,  in 
elderly  people,  many  cases  of  serpiginous  ulceration  (see  page 
345)  are  started  by  an  abrasion  of  the  cornea. 

Continuous  warm  belladonna  fomentations,  with  cocaine 
(ten  grains  to  the  ounce  of  castor-oil  or  vaseline),  form  the 
11—26 
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appropriate  treatment  until  the  abrasion  is  repaired.     If  iritis 
supervene,  atropine  must,  of  course,  be  used. 

Contusion  or  Concussion  Injuries. — As  is  well  known,  in 
most  cases  of  "  black-e^^e  "  the  globe  itself  escapes  injury.  The 
best  method  of  procuring-  rapid  absorption  of  the  ecchymosis 
is  to  apply  ice  (or  an  evaporating-  spirit  lotion)  at  first  over 
the  closed  lids,  and  after  twenty-four  hours  or  less  to  use 
warm  fomentations.  After  extensive  ecchymosis  of  the  ocular 
conjunctiva,  the  iris  may  be  for  a  time  discolored  or  stained 
in  part ;  or  "'  traumatic  mydriasis  "  maj^  be  present  for  a  few 
days.  In  this  condition  the  pupil  is  dilated,  and  does  not  act  on 
stimulation,  or  only  very  slightly,  and  the  power  of  accommo- 
dation may  be  lost.  Vision  may  at  the  same  time  be  impaired 
from  concussion  of  the  retina  without  perceptible  injur3%  per- 
fect recovery  ultimately  ensuing.  But  more  serious  damag-e 
may  be  done  by  a  blow  on  the  front  of  the  g-lobe,  the  following- 
lesions  resulting-  in  some  cases: 

1.  Rupture  of  the  eye,  with,  frequently,  escape  of  the  lens 
and  some  of  the  vitreous,  either  under  the  conjunctiva  or 
through  the  wound.  The  rupture  is  near- 
ly always  at  the  thinnest  part  of  the 
sclerotic — that  is,  just  behind  the  cornea, 
and  often  involves  the  latter.  The  ten- 
sion of  the  g-lobe  is  much  lessened;  ex- 
cision is  the  only  treatment. 

2.  Dislocation  of  the  lens,  partial  or 
Fig.  lo.-Rupture of  Globe,  complete.    This    should    always  be    sus- 

with  Dislocation  of  Lens  in-  ,      -,     ■  n    j  ■,         •    ■  ■  j  ^ 

ward  (beneath  conjunctiva),    pectcd  if  the  iris  rcmaius  trcmulous  on 
rapid   movements  of  the   eye;   or  if  one 
part  is  pushed  forward  and   another  depressed.     Secondary 
g-laucoma  is  very  likely  to  follow  if  the  eye  is  not  excised. 

3.  Hemorrhag-e  into  the  vitreous  or  retina;  the  former  can 
be  detected  as  dark  floating  masses  with  the  ophthalmoscope. 
They  may  be  larg-ely  absorbed,  but  vision  is  nearly  always 
much  impaired.  Hemorrhage  into  the  anterior  chamber  is 
rapidly  and  completely  absorbed. 

4.  Rupture  of  the  retina  or  choroid  at  the  posterior  j)ole  of 
the  eye,  by  contre-coup. 

5.  Opacity  of  the  lens,  partial  or  complete.  See  Traumatic 
Cataract. 

6.  Dark  pigmentar}"  changes  in  the  retina,  with  more  or 


Aids  to  Ophthalmic  Medicine  and  Surgery.  389 

less  atrophy  of  the  optic  nerve,  may  come  on  after  a  blow  on 
the  eye ;  thej^  also  are  most  marked  in  the  central  region. 

7.  Detachment  of  part  of  the  iris  from  its  ciliary  orig-in 
("coredialysis").  There  is  no  reason  to  advise  excision  after 
injury  followed  \)y  the  conditions  3  to  7,  since  some  useful 
vision  may  be  retained,  and  there  is  no  risk  of  sympathetic 
ophthalmia. 

Penetrating  Wounds  of  the  Eye. — Cleanly-cut  wounds  of 
the  cornea  unite  rapidly,  but  with  some  impairment  of  vision 
in  most  cases.  Wounds  of  the  sclerotic  and  conjunctiva  may 
be  sutured  with  very  fine  silk,  a  mild  antiseptic  dressing-  being 
subsequently^  emploj-ed.  It  is,  however,  unnecessary  to  sew 
up  small  wounds  in  the  sclerotic;  they  unite  well  if  gentle 
pressure  be  maintained  on  the  eye  by  means  of  pad  and  ban- 
dage, after  ice  has  been  applied  for  a  day  or  two,  if  possible. 
Wounds  of  the  sclerotic  at  some  distance  from  the  cornea  are 
less  serious  than  those  involving  the  "  dangerous  area  " — i.e., 
for  a  quarter  of  an  inch  immediately  behind  the  corneal  mar- 
gin. Inflammatory  changes  following  wounds  in  this  part 
(which  corresponds  to  the  ciliary  processes)  are  extremely 
liable  to  be  followed  by  sympathetic  ophthalmia.  Hence,  if 
after  such  injuries  sight  is  completel3^  or  almost  completely 
lost  {e.g.,  if  only  perception  of  light  is  retained),  there  can  be 
no  question  that  immediate  excision  should  be  performed.  If, 
however,  a  wound  of  the  ciliary  region  is  not  followed  by  much 
impairment  of  vision,  the  question  of  treatment  becomes  very 
difficult.  Excision  should  be  advised,  even  if  the  wound  ot 
the  ciliary  region  be  small,  if  severe  iritis  follow;  and  if  it  is 
probable  that  a  foreign  body  is  nn  bedded  in  this  region  the 
operation  is  especially  indicated. 

In  the  case  of  recent  wounds  of  the  cornea,  with  prolapse 
of  the  iris,  an  attempt  should  be  made  to  push  back  the  pro- 
truding part  with  a  small  spatula;  if  this  fails  the  iris  should 
be  slightly  drawn  out  and  cut  off  (see  Iridectonw,  page  410). 
Eserine  should  subsequently  be  used,  unless  iritis  supervene, 
in  which  case  atropine  and  ice  should  be  employed. 

It  will  have  been  seen  that  the  danger  of  an  mjury  to  the 
ejQ  is  not  always  confined  to  the  eye  itself;  but  that,  within 
an  almost  unlimited  period  (but  very  rarely  before  three  or 
four  weeks  have  elapsed  from  the  date  of  mjury),  the  other 
one  may  become  affected.    We  have  to  consider:  (1)  Sympa- 
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thetic  irritation,  and  (2)  Sympathetic  inflammation,  or  oph- 
thalmia. Either  of  these  two  is  especially  likelj^  to  follow  a 
penetrating-  wound  of  the  dangerous  or  ciliary  region,  but  in 
rare  cases  have  developed  after  perforating-  ulcer  with  iritis 
or  cyclitis,  or  even  intraocular  tumor.  They  may  occur  at 
any  ag-e,  the  usual  period  being-  between  six  weeks  and  six 
months  after  the  injury. 

Sympathetic  Irritation. — Attacks  of  congestion  and  water- 
ing of  the  eye,  failure  of  accommodation  (shown  by  sudden 
dimness  of  the  print),  neuralgia  of  the  globe  or  head,  disturb- 
ance of  vision,  floating-  bodies  seen  before  the  eyes,  etc.,  and 
irritability  on  exposure  to  moderate  lig-ht,  are  the  chief  symp- 
toms. These  may  recur  repeatedlj^,  and  in  most  cases  they 
do  not  indicate  threatening-  sympathetic  inflammation.  If 
the  exciting-  eye  be  excised  the  symptoms  do  not,  as  a  rule, 
recur;  hence,  if  the  injured  eye,  be  still  more  or  less  inflamed, 
painful,  and  the  vision  bad,  excision  should  be  advised.  For 
though  sympathetic  irritation  does  not  apparently  often  pass 
on  to  sympathetic  inflammation,  we  can  never  tell  in  which 
case  it  may  happen  to  do  so. 

Sympathetic  Inflammation. — Most  cases  of  this  terrible 
disease  are  essentially  ones  of  plastic  iridocyclitis,  m  which 
tough  a  dhesions  are  formed  to  the  lens,  which  becomes  opaque, 
and  the  vitreous  and  retina  ma^^  be  secondarily  involved. 

Pathology. — The  method  of  transmission  from  the  exciting' 
eye  to  the  sympathizing-  one  is  quite  doubtful,  the  chief  theories 
to  explain  it  being- : 

1.  Germ-transmission  through  the  circulation. 

2.  Ljnnphangitis  travelling-  from  one  eye  to  the  other,  es- 
pecially^ along  the  optic-nerve  sheath. 

3.  Spreading-  neuritis  by  way  of  the  ciliarj^  nerves. 

Free  cellular  exudation  into  the  ciliary  process,  iris,  choroid, 
and  sometimes  into  the  anterior  chamber  ("serous  iritis,"  see 
page  368),  is  the  chief  feature  in  the  pathology  of  sj^mpathetic 
ophthalmia.  Optic  neuritis  is  present  in  many  cases.  The 
disease  sometimes  is  recovered  from  with  fair  retention  of 
vision  (the  cases  of  sympathetic  serous  iritis  are  the  mildest, 
and  occasionally  leave  hardly  any  defect  of  sight).  But  the 
prognosis  of  most  cases  of  sympathetic  ophthalmia  is  ex- 
tremely bad;  the  pupil  becomes  occluded  by  tough  lymph, 
the  iris  universally  adherent,  the  lens  cataractous,  and  vision 
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may  be  completely  lost  in  the  course  of  a  few  weeks  or 
months. 

Treatment. — Complete  rest  of  the  eyes  in  a  dark  room, 
mercurial  inunction,  extract  of  belladonna  given  internally, 
counter-irritation  to  the  temple,  atropine  frequently  applied 
to  the  eye.  Or  mercury  ma^'  be  given  by  the  mouth,  with 
belladonna  and  quinine,  but  the  effect  of  internal  treatment  is 
rather  doubtful.  It  is,  of  course,  essential  to  use  atropine  if 
the  case  is  seen  fairly  early;  after  tough  adhesions  have  been 
formed  it  is  quite  useless. 

It  might  be  thought  that  the  exciting'  eye  should  at  once  be 
excised;  but,  unless  it  is  absolutely  blind,  it  is  perhaps  wiser 
not  to  remove  it,  as  ultimately  it  may  retain  the  best  vision 
of  tlie  two.  No  operation  should  be  done  on  the  sympathizing 
eye  until  the  inflammation  has  quieted  down,  and  then  a  free 
iridectomy  (with  extraction  of  the  lens,  if  that  is  opaque)  may 
do  good,  though  it  is  to  be  feared  that  the  aperture  formed 
will  become  closed  again  by  lymph.  Operative  interference 
should,  of  course,  be  avoided  if  any  useful  sight  is  retained. 


CHAPTER  YIII. 

DISEASES   OP    THE  OPTIC   NERVE  AND   RETINA. 

Optic  Neuritis. — Inflammation  of  the  optic  disc,  "  papilli- 
tis/' is  characterized  by  hyperasmia,  swelling-  of  and  exudation 
in  the  disc,  with  more  or  less  involvement  of  the  surrounding- 
retina  (especially  the  anterior  or  nerve-flbre  layer).  It  is  di- 
ag-nosed  ophthalmoscopically  by  blurring-  of  the  disc-margin, 
with  g-enerally  some  radiating-  striation,  and  in  some  cases 
small  extravasations  of  blood ;  the  abrupt  bend  of  the  vessels 
over  the  swollen  edg-e  of  the  papilla,  and  by  their  tortuosity, 
and  by  the  obscuring-  of  the  former  by  lymph,  etc.  The  top 
of  the  optic  disc  can  be  best  seen  with  a  +  lens  in  the  ophthal- 
moscope, and  supposing-  the  patient  to  be  emmetropic,  the 
deg-ree  of  swelling-  may  be  measured  b}^  the  hig-hest  convex 
lens  with  which  the  details  can  be  made  out.  Accompanying- 
retinitis  is  indicated  by  a  haze  of  that  part  of  the  fundus 
nearest  the  disc,  by  the  presence  of  whitish  streaks,  dots,  or 
patches,  especially  in  the  neighborhood  of  the  yellow-spot,  hj 
perivascular  lines  of  white  color,  and  by  hemorrhag-es,  g-ener- 
ally linear  or  flame-shape. 

The  whitish  patches  alluded  to  are  due  to  oedema  of  and 
exudation  into  the  retina,  and  may  clear  off  to  a  larg-e  extent, 
though  they  g-enerally  persist  for  long;  the  hemorrhag-es  may 
also  be  absorbed  (leaving-  often  small  black  spots  of  pigment 
to  mark  their  existence),  and  the  inflamed  nerve  itself  tends 
in  most  cases  to  become  more  or  less  atrophic. 

Atrophy  of  the  optic  nerve  is  diagnosed  by  the  abnormally 
white  hue  of  the  disc;  sometimes  by  the  shrinking  of  the  ar- 
teries, and  to  a  less  extent  of  the  veins.  If  it  is  a  result  of  in- 
flammation ("  post-neuritic  ")  there  is  usually  some  irreg-ularity 
and  pigmentation  of  the  border  of  the  disc,  and  fine  white 
lines  along  the  vessels  are  not  infrequently  seen ;  further  mi- 
nute chang-es  at  the  yellow-spot  exist  in  a  larg-e  proportion  of 
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the  cases.  Soinetinies,  however,  atrophy  of  the  optic  nerve  is 
primary',  that  is,,  not  preceded  by  neuritis,  and  then  the  ab- 
normal whiteness  of  the  disc  is  the  chief,  and  sometimes  the 
only,  ophthalmoscopic  sign. 

Symptoms. — Rapid  failure  of  sight  (both  near  and  distant), 
with  blurring-  of  objects,  is  frequently  complained  of  in  acute 
neuro-retinitis,  but  it  is  most  important  to  remember  that 
severe  optic  neuritis  may  exist  without  any  defect  of  vision 
whatever.  More  or  less  headache  and  pain  in  the  back  of  the 
eye,  sometimes  photophobia,  irregular  limitation  of  the  field 
of  vision  (as  tested  with  the  perimeter),  a  similar  defect  of 
color-perception,  imperfect  action  of  the  pupils  to  light,  and 
the  defect  of  vision  being  especially  marked  toward  evening 
or  in  a  dim  illumination,  are  all  symptoms  which  may  or  may 
not  be  present  in  an  individual  case. 

Gradual  failure  of  sight  (especially  in  the  evening),  con- 
traction of  the  field  of  vision,  with  more  or  less  color-blindness 
(es]3ecially  defect  for  red  and  green),  are  the  chief  symptoms 
of  optic  atrophy  or  of  slowly  progressing  optic  neuritis. 

1.  Causes  and  Forms  of  Optic  Neuritis. — Cerebral  tu- 
mors, gummata  of  the  meninges  or  brain,  cerebral  abscess, 
and  meningitis  (tubercular,  traumatic,  etc.)  are  frequent 
causes  of  double  optic  neuritis.  This  is  often  pure  papillitis, 
but  in  some  cases  the  changes  in  the  retina  (hemorrhag*es  and 
white  patches)  are  just  as  extensive  as  in  renal  retinitis  (see 
No.  3).  In  the  case  of  neuritis  due  to  tubercular  meningitis, 
tubercular  nodules  are  occasionally  developed  in  the  choroid 
and  retina,  some  way  from  the  disc. 

Optic  neuritis  (slight  and  soon  clearing  off)  is  seen  in  a  few 
cases  of  severe  concussion  of  the  brain,  and  optic  atrophj^ 
(probably  from  rupture  of  the  optic  nerve  or  hemorrhage  into 
its  sheath)  may  occur  on  one  or  both  sides  after  fracture  of 
the  anterior  fossa  of  the  skull. 

2.  Optic  neuritis  has  been  noticed  in  connection  with  most 
of  the  specific  fevers,  but  especially  during  the  secondary  stage 
of  syphilis.  In  the  latter  case  it  comes  on  six  to  eighteen 
months  after  the  primary  chancre;  the  retina  and  often  the 
vitreous  become  blurred  and  hazy,  but  well-defined  white 
patches  of  exudation  are  not  often  seen. 

3.  Certain  morbid  conditions  of  the  blood  and  vascular 
system  may  give  rise  to  neuritis  and  neuro-retinitis;   of  these 
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the  chief  are  albuminuria,  angemia,  and  leucocythaimia,  gout, 
diabetes,  lead-poisoning-,  and  the  high  tension  of  tlie  arteries 
which  g"oes  witli  hypertrophy  of  the  heart  and  sometimes 
chronic  nephritis. 

In  the  neuritis  from  all  these  causes  there  is  an  especial 
tendenc3'  to  hemorrhag-es  into  the  retina,  and  when  due  to 
kidnej'-disease  (including  diabetes)  there  are  g-enerally  many 
whitish  patches  of  exudation  and  deg-eneration  in  the  central 
part  of  the  retina,  often  grouped  in  a  radiating  manner  round 
the  macula.  In  neuritis  due  to  aneemia  there  may  be  extreme 
swelling-  of  the  retina  and  disc,  which  quite  hides  the  vessels, 
as  well  as  hemorrhages.  Finally,  as  rare  causes  of  optic 
neuritis  may  be  mentioned  inflammation  about  the  cavernous 
sinus  (usuall}^  syphilitic),  orbital  tumors,  periosteal  nodes  of 
the  skull  (invading-  the  mening-es),  and  possibly  cerebral  hem- 
orrhag-e,  while  some  cases  occur  in  which  no  cause  can  be 
found. 

Treatment. — For  optic  neuritis  due  to  the  causes  men- 
tioned in  No.  1,  it  is  obvious  that  not  much  can  be  done  unless 
the  intra-cranial  cause  is  syphilitic  in  orig-in.  Hence  the  treat- 
ment almost  resolves  itself  into  g-iving  iodides  of  potassium 
and  sodium,  with  mercur^^  freel}^  if  there  is  the  least  suspicion 
of  syphilis  in  the  case.  Thus,  for  instance,  if  there  is  a  his- 
tory of  previous  syphilitic  symptoms,  one  may  order: 

Potassii  iodidi, g-r.  v. 

Sodii  iodidi,  .         .        .        .        .        .    g-r.  v. 

Spiritus  ammoniae  dil.,        .        .        .        .     1T[  xv. 

Aq.  destillatae, 3  i. 

Ter  die. 
And  increase  the  doses  in  a  few  days  to  g-r.  x.,  g-r.  xv.,  and 
so  on. 

At  the  same  time,  mercurial  inunction  may  be  used,  and 
the  patient  kept  in  a  dimly-lighted  room,  etc. 

For  optic  neuritis  in  secondary  syphilis  mercury  should  be 
freely  g-iven  (see  treatment  of  specific  iritis),  stimulants  for- 
bidden, and  the  patient  must  shade  the  eyes  or  wear  protec- 
tive g-ogg-les,  of  course  refraining-  from  any  work  with  them. 
The  prognosis,  if  the  case  is  seen  early  and  the  treatment  be 
thorough,  is  very  g-ood. 

The  treatment  of  neuritis. due  to  renal  or  vascular  disease, 
or  the  other  causes  mentioned  in  No.  3,  is  a  matter  which  be- 
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longs  to  g-eneral  medicine.  It  ma^-  be  mentioned  here  that 
the  discovery  of  neuro-retinitis  in  a  case  of  chronic  nephritis 
is  of  very  serious  nature,  as  affecting-  the  prog-nosis;  most  of 
the  cases  (at  any  rate  among-  hospital  patients)  ending-  fatall^^ 
Avithin  six  to  eig-hteen  months  after  the  eye-alTection  has  been 
noticed.  The  prog-nosis  of  neuritis  due  to  aniemia  is,  on  the 
other  hand,  favorable  as  a  rule;  if  proper  dieting-  and  hyg-ienic 
measures  are  adopted  with  the  administration  of  iron  (and 
purg-atives  if  required). 

Retinitis  Pigmentosa.— In  this  peculiar  disease  there  is 
symmetrical  progressive  failure  of  sig-ht  (especially  marked  in 
the  dusk,  severe  cases  having  "  night-blindness  ")  and  narrow- 
ing of  the  visual  fields;  the  ophthalmoscopic  signs  consist  in 
atrophy  of  the  discs  with  shrinking  of  the  vessels,  and  the  de- 
velopment of  a  peripheral  ring  of  coal-black  pigment  patches 
(in  the  retina,  and  often  overlaying  the  vessels).  These 
patches  are  stellate,  or  spider-like,  with  processes  which  join 
those  of  adjoining  patches.  It  comes  on  in  childhood  or  early 
adult  life  (generally  the  latter),  and  is  often  seen  in  more  than 
one  member  of  the  family.  Consanguinity  of  marriage  (the 
parents  being  first-cousins)  appears  to  be  the  cause  of  many 
cases.  Retinitis  pigmentosa  tends  to  progress  toward  com- 
plete blindness,  and  no  treatment  is  known  to  be  of  avail. 

It  may,  however,  be  simulated  rather  closely  by  syphilitic 
choroido-retinitis  (whether  acquired  or  inherited);  but  in  these 
cases  there  is  distinct  evidence  of  old  neuritis,  and  the  pig- 
ment-patches are  less  regularly  arranged,  and  may  not  show 
the  branching  processes,  which  have  been  compared  to  those 
of  bone-corpuscles  as  seen  by  the  microscope. 

The  Causes  of  Optic  Atrophy. — As  already-  mentioned, 
any  case  of  optic  neuritis  maj^  go  on  to  atrophy  if  the  patient 
live  long  enough;  but  primary  atrophy  of  the  optic  nerve  has 
certain  special  causes  not  yet  mentioned. 

Of  these,  the  cliief  is  disseminated  disease  of  the  brain  and 
spinal  cord,  especially  locomotor  ataxia  (tabes  dorsalis).  Optic 
atrophy  is  also  met  with  in  disseminated  sclerosis,  and  is  oc- 
casionalh'^  the  only  S3'mptom  of  nerve-disease.  Primar}-  atro- 
phy is  nearly  always  symmetrical.  Its  symptoms  have  al- 
ready been  mentioned,  but  it  remains  to  point  out  the  other 
symptoms  of  tabes  which  are  usually  present  when  the  atrophy 
comes  under  notice.     One  of  the  most  important  is  the  condi- 
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tion  of  the  pupils.  They  may  he  ahnormall^'^  contracted  (my- 
osis),  or  unequal,  and  they  will  generally  be  found  to  contract 
with  convergence  of  the  eyes,  but  not  to  respond  to  light. 
This  peculiar  and  important  sign  is  known  as  the  "Argyll- 
Robertson  symptom,"  and  should  always  be  carefully  tested 
for  in  any  suspected  case  of  tabes.  Further,  paralysis  or 
paresis  of  one  or  more  ocular  muscles  {e.g.,  the  levator  palpe- 
brse  and  one  of  the  recti)  is  not  uncommonly  present  for  a  time ; 
the  loss  of  knee-reflexes,  the  muscular  inco-ordination,  the  dart- 
ing pains  in  the  limbs,  etc.,  need  here  only  be  mentioned. 

It  is  most  important  to  diagnose  these  cases  from  what  is 
known  as  retro-bulbar  neuritis  (inflammation  of  the  optic 
nerve  behind  the  globe).  With  the  exception  of  certain  rare 
cases,  the  cause  of  which  is  obscure,  the  chief  form  is  that 
known  as  tobacco-amaurosis. 

In  amaurosis,  or  "  amblyopia,"  from  tobacco,  a  central  band 
of  nerve-fibres  in  the  optic  nerve  is  inflamed,  and  apart  from 
pallor  of  the  disc  in  advanced  cases,  the  fundus  looks  quite 
healthy. 

The  following  are  the  chief  sjnnptoms: 

1.  Exact  or  almost  exact  symmetry  of  the  visual  defect — 
commonly  the  patient  sees  only  about  g^g^  and  14  J.  when  he 
comes  under  care.  (I  have,  however,  recorded  one  case  in 
which  one  eye  failed  some  time  before  the  other.) 

3.  The  field  for  white  is  normal,  but  by  testing  with  small 
pieces  of  colored  paj)er  there  is  found  to  be  a  scotoma  (blind 
area)  for  g-reen  and  red,  which  involves  the  fixation-point,  and 
extends  outward  more  or  less  beyond  the  normal  "  blind-spot " 
(corresponding  to  the  optic  disc).  Sometimes  there  is  also  a 
scotoma  for  yellow,  and  still  more  rarely  for  blue;  and  in 
severe  cases  the  patient  hardly  distinguishes  the  color  of  red 
and  green  patches  in  any  part  of  his  field.  (In  testing  the 
field  of  vision,  it  is  almost  needless  to  point  out  that  the  other 
ej^e  must  be  covered  up.) 

3.  The  patients  are,  of  course,  almost  invariably  men  who 
have  been  addicted  to  smoking  strong,  dark  tobacco  (shag, 
cavendish,  or  returns)  for  long  periods  and  in  large  amounts. 
Generally  they  own  to  using  half  an  ounce  of  shag  daily — 
though  in  persons  with  special  susceptibility  to  tobacco,  smaller 
amounts  will  produce  amaurosis. 

4.  If  smoking  be  given  up,  or  only  mild,  light-colored  tobacco 
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used  (if  the  patient  cannot  relinquish  the  habit),  the  vision 
will,  as  a  rule,  steadily-  improve,  and  in  a  large  proportion  of 
cases  is  perfectly  recovered.  Recovery  appears  to  be  hastened 
bj'  giving-  nux  vomica  (tint,  nucis  vomicae  ttiv.,  ter  die  ex  aqua), 
as  well  as  by  the  cessation  of  smoking-  and  chewing-  tobacco. 

The  symptoms  of  tobacco-amaurosis  have  been  described 
fully,  since  it  is  a  fairlj^  common  disease,  and  if  once  diagnosed 
a  ver\'  satisfactory  one  to  treat.  With  regard  to  the  treat- 
ment of  primary  optic  atrophy,  due  to  tabes,  etc.,  not  much 
improvement  can  be  hoped  for,  unless  there  is  a  fairly  recent 
history  of  syphilis.  In  this  case  the  energetic  administration 
of  iodides  or  mercury  should  be  given  a  trial,  and  a  few  cases 
will  be  found  to  be  greatly  benefited  by  it.  Nux  vomica  may 
also  be  ordered. 

Retinal  Detachment  and  Hemorrhage,  etc. — A  severe 
blow  on  the  front  of  the  e^^e  may  produce  either  single  or  mul- 
tiple extravasations  into  the  retina,  choroid,  and  vitreous,  and 
if  the  patient  be  hig-hly  myopic,  a  slight  contusion,  or  merely 
the  strain  of  stooping,  etc.,  may  cause  detachment  of  the 
retina.  This  is  recognized  by  the  sudden  onset  of  blindness, 
which  maj"  only  affect  the  upper  half  of  the  field,  since  the  de- 
tachment is  nearly  always  of  the  lower  part  of  the  retina. 
On  ophthalmoscopic  examination  with  dilated  pupil,  the  retina 
is  seen  to  come  forward  into  the  vitreous,  its  surface  being 
raised  into  ridges  over  which  the  branches  of  the  central 
vessels  can  be  distinguished.  The  appearance  of  the  white 
furrowed  surface  is  quite  characteristic,  especially  when  taken 
with  the  history.  No  treatment  is  of  much  avail,  though  an 
operation  (puncturing  the  sclerotic  far  back,  so  as  to  let  out 
the  fluid  beneath  the  detachment)  has  been  recommended,  and 
is  occasionally  performed  with  apparent  benefit. 

Hemorrhages  into  the  retina  and  vitreous  sometimes  occur 
spontaneously  in  young  subjects,  inherited  gout  and  constipa- 
tion being  held  to  be  the  chief  factors  in  their  causation. 
Treatment  with  laxatives,  etc.,  in  such  cases,  is  often  followed 
by  absorption  and  recovery  of  good  vision. 

A  linear  streak  in  retina  or  choroid  is  sometimes  the  result 
of  injury  to  the  eye  (rupture  due  to  contre-coup,  or  stretching 
of  the  tunics,  and  hence  generally  met  with  near  the  centre  of 
the  fundus,  opposite  to  the  part  struck). 

The  chief  tumor  met  with  in  connection  with  the  retina  is 
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a  g"lioma,  or  glio-sarcoma.  It  develops  in  childhood,  and  tends 
not  only  to  grow  forward  into  the  vitreous,  but  to  extend 
backward  along-  the  optic  nerve  to  the  brain,  or  into  the  orbit. 
Increase  of  eye  tension,  a  white  mass  seen  with  the  opthal- 
nioscope,  blindness  of  the  affected  eye,  and  the  earl^^  age  of 
the  patient,  are  the  chief  features.  Excision  of  the  globe,  with 
division  of  the  optic  nerve  far  back,  is  the  proper  treatment, 
and  may  prove  curative  if  done  early.  Glioma  may  be  simu- 
lated by  inflammatory  degeneration  of  the  retina  and  vitreous 
("pseudo-glioma'Oj  t)ut  the  tension  is  then  usually  below  nor- 
mal. 


CHAPTER    IX. 

DISEASES  OF   THE   CHOROID. 

It  is  often  impossible  to  draw  any  line  between  choroiditis 
and  retinitis,  both  layers  being-  affected  by  the  inflammatory 
chang-e;  but  in  some  cases  the  deep  pig-mentation  and  sharp 
outline  of  atrophic  patches,  over  which  the  retinal  vessels  are 
seen  to  run,  makes  it  certain  that  the  choroid  is  chiefly  or 
solely  involved. 

Choroiditis  may  be  either  central  {i.e.,  situated  at  or  near 
the  macula)  or  peripheral;  there  may  be  one  or  two  larg-c 
patches  or  multiple  small  ones  (disseminated).  Central  cho- 
roiditis maj"  g-reatly  affect  the  vision,  but  peripheral  changes 
may  not  interfere  in  the  least  with  sight,  and  the  surgeon 
frequently  discovers  them  in  eyes  which  the  patient  states 
have  never  "  had  anj'thing-  the  matter  with  them." 

The  chief  varieties  are  the  following : 

1.  Central  atrophic  choroiditis — in  large  patches  round  the 
disc  and  about  the  yellow-spot — associated  with  high  myopia, 
posterior  staphj^loma,  often  vitreous  opacities,  and  sometinies 
with  large  pigmentary-  remains  of  hemorrhages. 

2.  Central  retino-choroiditis  made  up  of  a  number  of  fine 
dotted  chang-es,  pig-mentarj^  or  atrophic  (light-colored),  and 
associated  with  considerable  defect  of  sight.  The  disc  being- 
normal  in  these  cases,  the  macular  region  looks  as  though  it 
had  been  dusted  over  with  black  pepper,  when  seen  with  the 
direct  method.  The  causes  are  quite  obscure,  and  the  treat- 
ment very  unsatisfactorj' ;  occasionally  it  appears  to  be  syph- 
ilitic, sometimes  (in  the  atrophic  form)  it  is  a  senile  chang-e. 
In  a  few  cases  it  is  the  result  of  a  blo^v  on  the  e3^e. 

3.  In  contrast  to  the  very  fine  chang-es  mentioned  in  No.  2, 
larger  patches  of  choroiditis  are  sometimes  seen  about  the  disc 
and  macula,  and  if  not  due  to  myopia  (see  No.  1),  are  not  m- 
frequently  syphilitic. 
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The  more  typical  and  really  common  form  of  choroiditis 
due  to  syphilis  is  that  which  is  seen  in  disseminated  patches 
scattered  about  the  periphery.  This  disseminated  choroiditis 
may  atfect  one  or  botli  eyes  (usually  both,  and  is  especially 
noticed  in  connection  with  inherited  syphilis.  The  sharply- 
outlined  patches  of  choroidal  atrophy  with  black  borders  are 
ver}^  characteristic  of  syphilis,  though  not  in  all  cases  conclu- 
sive evidence. 

Finally  it  may  be  mentioned  that,  since  most  cases  with 
choroiditis  come  under  notice  long"  after  the  active  inflamma- 
tory stage  is  past,  treatment  is  of  very  little  use;  if,  how- 
ever, the  sight  is  deteriorating,  and  there  is  other  evidence 
of  syphilis,  iodides  of  potassium  and  iron  should  be  given  a 
prolonged  trial. 

In  other  cases,  such  as  the  myopic  form,  tonics,  rest  of  the 
eyes,  and  the  careful  avoidance  of  any  work  trying  to  them, 
with  the  use  of  protective  tinted  glasses,  are  the  measures  to 
be  recommended. 

Other  Diseases  of  the  Choroid. — Tubercle  is  occasionally 
met  with,  usually  in  children,  with  general  tuberculosis  (espe- 
cially with  tubercular  meningitis).  Scattered  i-oundish  pale 
elevations  are  seen  in  various  parts  of  the  fundus,  each  patch 
being  about  the  size  of  the  optic  disc,  which  may  at  the  same 
time  be  inflamed. 

In  some  cases  of  kerato-iritis  (which  see,  p.  369)  patches  of 
exudation  or  degeneration  can  be  detected  in  the  periphery  of 
the  choroid. 

The  chief  tumor  of  the  choroid  is  a  sarcoma,  which  is  often 
deeply  pigmented  (melanotic  sarcoma).  It  is  usually  of  the 
spindle-celled  variety,  which  is  twice  as  common  as  the  round- 
celled  in  this  situation,  the  pigmented  sarcomata  being  eight 
times  as  frequent  as  the  white  ones  (Fuchs).  The  tumor  may 
commence  at  any  age,  even  in  the  senile  period  (contrast  with 
glioma  of  the  retina,  which  is  nearly  alwa3^s  met  with  in 
children),  and  pushes  the  retina  in  front  of  it,  being  noticed 
as  a  rounded  prominence  behind  the  lens,  and  tending  to  fill 
the  whole  eye.  The  tension  is  raised,  and  vision  more  or  less 
affected,  according  to  the  extent  to  which  the  tumor  bulges 
in  front  of  the  central  area  of  the  retina.  The  rate  of  growth 
is  often  rather  slow,  but  after  existing  some  months  to  a  year 
or  two  the  sarcoma  grows  through  the  sclerotic  and  invades 
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the  orbital  tissues.  But  perhaps  before  this  has  taken  place 
secondary  deposits  have  been  formed  in  the  liver  or  other 
viscera. 

Treatment. — As  soon  as  the  tumor  is  positively  diag'nosed 
the  eye  should  be  excised. 


CHAPTEE  X. 

PARALYSIS  OF  THE  OCULAR  MUSCLES,  ETC. 

Nerve-Supply  and  Functions.— 0(  the  external  muscles  of 
the  eye,  the  levator  palpebrge,  superior,  internal,  and  inferior 
recti,  and  the  inferior  oblique,  are  supplied  by  the  third  nerve. 
The  external  rectus  is  supplied  by  the  sixth  nerve,  the  superior 
oblique  by  the  fourth. 

The  superior  rectus  alone  turns  the  eye  upward  and  in- 
ward, and  rotates  the  globe  slightly  inward. 

The  inferior  rectus  alone  turns  the  eye  downward  and  in- 
ward, and  rotates  the  globe  slightly  outward. 

The  superior  oblique  alone  turns  the  eye  downward,  out- 
ward, and  rotates  the  globe  slightly  inward. 

The  inferior  oblique  alone  turns  the  eye  upward,  inward, 
and  rotates  the  globe  slightlj^  outward. 

The  internal  and  external  recti  simply  turn  the  eye  inward 
and  outward. 

In  considering  the  movements  of  the  eye  it  must  be  re- 
membered that  the  muscles  act  in  pairs  or  groups  in  produc- 
ing any  one  movement;  thus,  for  instance,  in  looking  straight 
downward  we  use  the  inferior  recti  and  superior  obliques;  in 
looking  downward  and  outward  with  one  eye,  the  external 
and  inferior  recti  and  the  superior  oblique  come  into  play.  It 
will  be  noticed  that  the  tendenc}^  to  rotate  inward  and  adduct 
of  the  superior  rectus  is  counteracted  by  that  of  the  inferior 
oblique  to  rotate  outward  and  abduct— the  resulting  action 
being"  one  of  simple  elevation. 

The  action  of  the  internal  muscles  of  the  eye  is  fortunately 
more  simple.  The  ciliary  muscle  (supplied  by  the  third  nerve 
through  the  lenticular  ganglion)  draws  forward  the  suspen- 
sory ligament  of  the  lens,  and  by  so  doing  allows  the  elasticity 
of  the  latter  to  render  it  more  convex  (accommodation).  The 
contractor  pupil! ge  is  supplied  by  the  third  nerve;  dilatation 
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of  the  pupil  is  accomplished  through  the  medium  of  the  sym- 
pathetic nerve.  Cases  occur  in  which  all  the  external  muscles 
of  the  eye  are  parah'zed  (ophthalmopleg-ia  externa),  others  in 
which  the  internal  ones  are  paralyzed  (ophthalmoplegia  in- 
terna), or  both  may  be  present  at  the  same  time.  If  one-sided 
the  cause  is  probably  about  the  cavernous  sinus,  in  the  wall 
of  which  all  the  oculo- motor  nerves  are  grouped  near  to  each 
other;  if  on  both  sides  it  is  probably  due  to  inflammation  and 
degeneration  of  the  nerve-origins  in  the  floor  of  the  aqueduct 
of  Sylvius.  In  either  case  syphilis  is  frequently  the  origin  of 
the  disease,  and  more  or  less  complete  recovery  may  follow 
early  and  resolute  treatment  with  iodides  and  mercury. 
Aneurism  of  the  carotid  arterv  or  tumor  near  the  cavernous 


Fig.  16.— Diagram  of  the  Nerve-supply  to  the  Eye,  etc. 

sinus  may,  however,  be  the  cause  of  ophthalmoplegia,  espe- 
cially if  one-sided ;  another  cause  ma3"  be  meningitis  (trauma- 
tic or  tubercular,  etc.). 

As  a  rule  parah'sis  of  the  oculo-motor  system  is  not  com- 
plete, but  affects  one  or  two  muscles  or  one  nerve.  Thus,  for 
instance,  the  sixth  nerve  may  be  paralyzed,  or  the  inferior 
oblique  muscle.  Squint  or  strabismus  results  on  attempting 
to  put  the  paralyzed  muscle  into  action  {e.g.,  in  the  case  of  the 
sixth  in  making  the  f)atient  look  outward,  the  head  being 
fixed),  and  diplopia,  or  double  vision,  is  usually  complained  of, 
except  in  old  cases  in  which  the  "  false  image  "  is  ignored.  It 
is  a  frequent  mistake  of  students  to  give  as  the  most  common 
cause  of  strabismus  paralysis  of  one  of  the  muscles;  the  con- 
vergent squint  from  over-action  of  the  internal  recti  in  hyper- 
metropia  (which  see,  p.  422)  is  very  much  the  most  frequent. 
11—27 
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Divergent  strabismus  due  to  weakness  of  the  internal  recti 
(not  complete  paralysis)  is  most  often  seen  in  mj'opic  patients, 
or  in  emmetropic  or  even  long-sig-lited  women  who  have  pro- 
longed strain  thrown  upon  their  eyes  in  needlework,  etc.  The 
tendency  to  it  ("  latent  divergence ")  is  tested  for  in  the  fol- 
lowing- manner:  An  object  is  held  before  the  patient's  nose  at 
a  distance  of  ten  or  twelve  inches,  and  he  or  she  is  directed  to 
look  fixedlj^  at  it.  A  card  is  then  placed  before  each  eye  alter- 
nately so  as  to  prevent  it  seeing  the  object,  but  not  to  conceal 
it  from  the  surgeon's  view.  When  thus  covered  the  eye  (if 
latent  divergence  be  present)  will  turn  slightlj^  outward,  and 
on  removing-  the  card  the  internal  rectus  will  again  contract 
and  draw  it  inward.  Such  cases  are  to  be  treated  with  tonics, 
correction  of  errors  of  refraction,  if  present,  and  sometimes 
prisms  with  their  bases  inward  are  of  use.  But  the  great 
thing  is  to  avoid  prolonged  strain  of  the  ej'es,  and  to  improve 
the  general  health  by  outdoor  exercise,  etc. 

The  term  "  muscular  asthenopia  "  is  applied  to  these  cases 
of  weakness  of  the  internal  recti,  as  well  as  to  irritability  of 
the  ciliary  muscle;  and  both  may  be  brought  about  by  any 
debilitating  cause,  such  as  prolonged  suckling. 

Without  going  into  all  the  varieties  of  paralj^tic  strabis- 
mus and  diplopia,  the  following  points  may  be  noted: 

1.  The  smaller  the  degree  of  strabismus  the  more  trouble- 
some is  the  diplopia.  (This  is  due  to  the  image  in  the  slightl^-^ 
deviating  eye  being- then  formed  near  to  the  macula,  and  hence 
being  much  more  distinct  than  one  formed  in  a  ]3eripheral  part 
of  the  retina,  as  in  high  degrees  of  strabismus.) 

2.  When  one  internal  or  external  rectus  is  paralyzed,  the 
false  image  (the  one  formed  on  the  defective  eye)  of  an  object 
is  not  deflected,  but  simply  seen  at  the  side  of  the  true  image. 
The  separation  of  the  two  images  (a  lighted  candle  held  at 
twelve  feet  distance  in  a  dark  room  is  a  good  object  to  use  in 
testing)  becomes  g-reater  the  farther  the  object  is  moved  to- 
ward the  side  on  which  the  paralysis  is  present. 

3.  If  one  of  the  other  muscles  [e.g.,  inferior  oblique)  is  par- 
alyzed when  diplopia  is  present,  the  false  image  is  inclined  or 
deflected — the  reason  is  obvious  on  considering  the  compli- 
cated action  of  the  muscle  which  acts  ordinarily  in  association 
with  the  paralyzed  one. 

4.  With  diplopia  there  is  frequently  giddiness  in  walking. 
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etc.,  which   becomes   most  marked  if   the  patient  cover  liis 
sound  eye. 

Finally,  it  may  be  added  that  if  the  position  of  the  two 
images  corresponds  to  the  eyes  {i.e.,  the  patient  has  double 
vision,  and  obliterates  the  right-hand  image  on  covering  his 
right  eye),  the  diplopia  is  said  to  be  homonymous.  If  the  re- 
verse is  the  case,  the  term  "  crossed  diplopia  "  is  used.  Homon- 
ymous diplopia  is  met  with  in  convergent  strabismus,  crossed 
diplopia  in  divergent. 

Paralysis  of  one  or  more  ocular  muscles  (including  the 
levator  palpebrae)  may  be  (1)  a  symptom  of  locomotor  ataxia, 
or  tabes  dorsalis;  (3)  due  to  syphilitic  disease  of  the  corre- 
sponding nerve-trunk,  or  nucleus;  (3)  a  symptom  of  meningi- 
tis; (4)  a  result  of  injury  to  the  orbit  (in  which  case  it  probably 
passes  off  after  a  time)  or  to  the  skull  (fractured  base),  etc. ; 
(5)  associated  with  tumor  or  hemorrhage  at  the  base  of  the 
brain;  (6)  due  to  some  unknown  cause. 

If  the  third  nerve  alone  be  paralyzed,  the  following  symp- 
toms are  present:  The  eyelid  droops;  the  globe  can  be  turned 
outward  and  downward  (to  a  less  extent  and  with  slight  rota- 
tion inward  of  the  vertical  meridian).  The  power  of  accom- 
modation is  lost,  and  the  pupil  is  somewhat  dilated,  and  does 
not  contract  to  stimulation  by  light  of  either  eye. 

If  the  cervical  sympathetic  branch  to  the  eye  be  paralyzed 
(from  pressure  of  a  tumor  or  aneurism  in  the  neck,  rupture  of 
the  brachial  plexus,  etc.),  the  pupil  is  perhaps  slightly  con- 
tracted, and  it  will  not  dilate  on  shading  the  e^^e.  It  will  be 
remembered  that  this  nerve  comes  out  from  the  spinal  cord 
by  the  upper  roots  of  the  brachial  plexus,  and  then  joins  the 
cervical  sympathetic  trunk,  to  ultimately  reach  the  lenticular 
ganglion  m  the  orbit  by  means  of  the  carotid  plexus.  In  par- 
alysis of  the  cervical  sympathetic  the  palpebral  fissure  may 
be  slightly  narrowed,  and  the  globe  a  little  less  prominent 
than  on  the  other  side. 

Partial  or  complete  paralysis  of  the  ciliary  muscle  of  lioth 
eyes  is  not  infrequently  seen  after  an  attack  of  diphtheritic 
sore  throat.  The  affection  comes  on  some  weeks  after  appar- 
ent recovery  from  the  diphtheria,  nearly  always  in  children 
or  young  adults,  and  is  associated  with  (1)  loss  of  knee-jerks: 
(2)  sometimes  paralysis  of  the  soft  palate,  allowing  fluids  to 
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regurg-itate  into  the  nose;  (3)  rarely  paralysis  of  the  external 
rectus  (Nettleship)  or  sluggish  action  of  the  pupil. 

Distant  vision  is  unaltered,  but  there  is  more  or  less  defect 
of  near  vision,  which  can  be  overcome  by  using  a  convex  lens 
equal  to  the  amount  of  lost  accommodation.  The  paralj'sis 
is  recovered  from  in  a  few  weeks  as  a  rule,  tonics  {e.g.,  sjt. 
ferr\  phosphatis  comp.)  and  country  air  hastening  the  recovery. 


CHAPTER  XL 

OPERATIO:XS  ON    THE   EYE. 

1.  Excision  of  the  globe  (syn.  enucleation). — Anaesthesia 
is  necessary. 

Instruments  Required. — Spring-stop  speculum,  forceps, 
scissors  curved  on  the  flat,  strabismus-hook. 

Position  of  operator — behind  the  patient's  head. 

Introduce  the  speculum  and  open  it  as  wide  as  the  orbit 
will  allow;  fix  it  with  the  screw-stop.  Pick  up  the  conjunctiva 
with  the  forceps  just  above  the  cornea,  cut  it  throug-h,  and 
then  continue  the  division  of  the  conjunctiva  all  round,  keep- 
ing as  close  to  the  cornea  as  possible.  Having  then  opened 
Tenon's  capsule,  pass  the  hook  under  one  of  the  recti  muscles 
and  divide  it  with  the  scissors;  repeat  this  with  each  rectus. 
Keep  the  hook  and  scissors  close  to  the  globe,  and  divide 
whatever  is  picked  up  b}'  the  former,  whether  it  be  a  complete 
muscle-insertion  or  a  part  of  the  fascia.  Having  thus  gone 
all  round  the  g-lobe,  press  the  speculum  back  and  the  globe 
should  project  forward.  Introduce  the  scissors  on  the  right 
side  of  the  eye  operated  on,  with  the  blades  slightl3'  opened, 
until  they  meet  the  optic  nerve ;  divide  this  while  steadying- 
the  globe  with  the  fingers  of  the  left  hand.  The  latter  now 
takes  hold  of  the  eye,  while  any  remaining  tissues  are  divided. 
Firm  pressure  is  then  applied  by  means  of  sponge  and  ban- 
dage. The  chief  difficulty  of  the  operation  lies  in  the  division 
of  the  optic  nerve. 

The  glass  eye  may  usually  be  worn  after  three  or  four 
weeks  have  elapsed. 

Modifications. — With  a  view  to  obtaining  a  good  support 
for  the  glass  eye,  and  thus  enabling  it  to  move  well  on  con- 
traction of  the  recti,  a  small  glass  or  celluloid  globe  may  be 
inserted  into  the  cavity  of  Tenon's  capsule,  which  is  held  open 
by  forceps,  and  subsequently  sutured  over  the  globe  \)Y  very 
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fine  silk.  If  this  is  done,  a  drain  of  a  few  horse-hairs  should 
be  laid  across  in  front  of  the  g-lass  g-lobe  and  under  the  cap- 
sule, to  be  removed  at  the  end  of  twent^^-four  or  thirty-six 
hours;  it  is  perhaps  best  to  sew  up  the  capsule  and  conjunc- 
tiva separately. 

Not  very  infrequently  the  globe  may  work  out  subsequently'-, 
but  it  is  generally  well  tolerated. 

Dangers  of  the  Opera^/ori.— Provided  the  tissues  are  di- 
vided close  to  the  globe  there  is  hardly  any  risk  from  hemor- 
rhage. If  excision  is  done  for  acute  suppuration  (panophthal- 
mitis), there  is  a  certain  amount  of  risk  from  acute  meningitis, 
and  hence  if  the  operation  must  be  done  for  this  condition  the 
orbit  should  be  washed  out  with  some  antiseptic  solution  after 
the  operation. 

2.  Tenotomy  maybe  done  under  cocaine, but  in  young  chil- 
dren an  anaesthetic  should  be  given.  The  muscle  divided  is 
nearly  always  the  internal  rectus. 

Position  of  the  operator — on  the  right  side  of  the  patient. 

Instruments. — Spring-stop  speculum,  tenotomy-hook,  for- 
ceps, straight  scissors  blunt  at  the  end.  Introduce  and  fix  the 
speculum,  pick  up  a  small  fold  of  the  conjunctiva  at  the  junc- 
tion of  the  inner  and  lower  corneal  tangent,  and  divide  it  with 


Fig.  17.— Tenotomj-  hook. 

the  scissors.  Introduce  the  forceps  within  the  little  wound 
made,  and  seize  Tenon's  capsule  and  open  it  in  the  same  man- 
ner with  the  scissors.  It  is,  however,  fairly  easj'  to  pick  up 
both  conjunctiva  and  fascia  at  once;  the  scissors  should  be 
passed  toward  the  caruncle  and  over  the  insertion  of  the  rectus 
to  free  the  latter  from  the  subconjunctival  tissue.  Now,  hold- 
ing the  wound  open  with  the  forceps  (which  have  not  left  go 
the  conjunctiva),  introduce  the  hook,  pointing  its  end  directly 
backward,  so  as  to  work  under  the  lower  border  of  the  tendon. 
With  a  movement  of  the  hook  pass  it  right  under  the  rectus, 
and  raise  the  latter  slightly  on  it ;  then  introduce  the  scissors 
and  divide  the  tendon  between  the  hook  and  the  insertion, 
close  to  the  latter.  If  there  is  any  doubt  as  to  complete  divi- 
sion of  the  muscle,  introduce  the  hook  again,  and  divide  any 
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band  remaining-.  Observe  the  effect  upon  the  position  of  the 
eye  (a  httle  diverg-ence  under  the  anaesthetic  is  common,  and 
subsequently  passes  off). 

It  may  be  noted  that  after  complete  division  of  one  internal 
rectus  the  g-lobe  can  still  be  turned  inward  at  the  time  of  op- 
eration, owing-  to  the  action  of  the  upper  and  lower  recti.  Tie 
the  eye  up  with  a  light  pad  and  bandage,  which  may  be 
changed  daily,  and  left  off  after  two  or  three  days.  Its  use  is 
to  conceal  the  slight  ecch^-mosis  which  nearly  always  results; 
and  it  is  not  absolutely  necessarj^  to  use  any  bandage  at  all. 

Difficulties  of  the  Operation. — Especialh'  when  the  pa- 
tient is  not  anaesthetized  this  operation  is  more  difficult  than 
it  looks,  and  to  do  it  well  requires  considerable  practice.  The 
first  essential  is  to  make  sure  that  Tenon's  capsule  is  opened 
before  the  hook  is  introduced,  otherwise  it  cannot  pass  properly 
under  the  tendon.  The  second  point  where  difficult3"  is  met 
with  is  in  the  actual  cutting  of  the  tendon,  which  should  be 
done  boldly,  and  not  with  very  little  snips. 

There  are  no  special  dang-ers  about  the  operation,  but  it 
is  worth  remembering-  that  just  as  the  tendon  is  stretched 
and  divided  on  the  hook,  the  patient's  pulse  may  flag  or  stop 
for  a  few  seconds,  especially  in  very  young  children.  The 
sclerotic  has  been  known  to  be  divided  by  the  scissors  or  hook 
(sometimes  with  a  serious  result  to  vision),  and  hence  a  hook 
with  a  sharp  point  should  never  be  used. 

Tenotomy  of  the  external  rectus,  partly,  perhaps,  on  ac- 
count of  its  insertion  being  further  back  than  that  of  the  in- 
ternal rectus,  is  both  more  difficult  and  less  satisfactory,  but 
the  method  of  the  operation  is  very  similar. 

It  is  not  advisable,  as  a  rule,  to  divide  more  than  one  in- 
ternal rectus  at  a  time,  even  if  the  squint  is  of  high  degree, 
for  fear  of  diverg-ence  resulting.  It  is  better  to  wait  a  few 
months  and  see  the  result  of  the  first  operation  before  per- 
forming a  second.  If,  as  in  most  cases  of  convergent  strabis- 
mus, spectacles  have  been  ordered,  they  should  be  resumed 
by  the  patient  as  soon  as  possible  after  the  operation. 

3.  Advancement  or  re-adjustment  of  a  rectus  consists  es- 
sentially in  exposing  the  tendon  by  a  vertical  incision  about  5 
mm.  from  the  cornea,  and  then  passing  three  fine  sutures 
through  the  conjunctiva  and  subjacent  tissues  (short  of  the 
sclerotic),  and  then  again  through  the  tendon  at  some  little 
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distance  back,  and  finally  the  conjunctiva.  The  tendon  is 
raised  on  a  hook  while  the  sutures  are  passed,  and  it  is  then 
cut  across,  or,  if  necessary,  a  small  piece  excised. 

The  sutures  are  then  tightened  and  tied  in  order  from 
above  downward,  and  the  e^-e  bandag-ed  for  a  few  daj^s. 

The  operation  is  tedious  and  rather  difficult,  and  needs  to 
be  seen  to  be  understood. 

4,  Iridectomy. — In  cases  of  penetrating-  wound  of  the 
cornea  with  prolapse  of  the  iris,  if  it  is  considered  wise  to  try 
to  save  the  e^^e  (see  "  Wounds  of  the  Globe "),  a  speculum 
should  be  introduced,  the  prolapsing-  portion  seized  with  iris- 
forceps  and  drawn  well  forward,  and  then  cut  off  level  with 
the  wound.  Then  with  a  curette  g-ently  press  the  iris  back 
within  the  anterior  chamber.  This  operation  can  only  be  done 
satisfactorih"  within  a  few  days  of  the  injur}-,  and  if  there  is 


Fig.  18. — Scissors  for  Iridectomy. 

definite  prolapse  the  sooner  it  Is  done  the  better.  Unless  there 
is  already  iritis  (in  which  case  atropine  and  ice  are  necessary) 
it  is  perhaps  best  to  use  eserine  freely  for  a  day  or  two,  in 
order  to  draw  away  the  iris  from  the  wound ;  this  is  especially 
the  case  in  peripheral  wounds.  Whether  eserine  or  atropine 
be  emplo3^ed,  one  border  of  the  wounded  iris  will  probably  re- 
main adherent  to  the  cornea,  but  (provided  the  lens  has  not 
been  originally  wounded)  perfect  vision  may  be  restored  and 
the  synechia  g-ive  no  future  trouble. 

Iridectomy  for  Optical  Purposes. — The  cases  for  which 
this  operation  is  best  adapted  are  those  in  which  there  is  a 
dense  central  nebula  of  the  cornea,  with  a  clear  (or  compara- 
tively clear)  part  downward  or  to  the  inner  side.  It  is  also 
sometimes  performed  for  lamellar  cataract.  It  should,  if  pos- 
sible, be  performed  opposite  the  inner  and  lower  part  of  the 
cornea,  and  the  iris  should  not  be  excised  rig-ht  up  to  its  ciliary 
attachment. 
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liistnimenfs  Bequired.— Speculum.,  fixation-forceps,  nar- 
row keratome,  iris-forceps  and  scissors,  small  curette  or  vul- 
canite spatula.  Fixing-  the  globe  with  the  forceps,  which 
g:rasp  the  conjunctiva  at  the  upper  part,  introduce  the  kera- 


FiG.  19.— De  Wecker"s  iris-scissors. 


tome  just  within  the  corneal  margin,  and  keep  the  blade  par- 
allel with,  or  a  little  anterior  to,  the  plane  of  the  iris.  Take 
care  not  to  introduce  the  point  too  far;  and  both  enter  and 
withdraw  the  keratome  slowh-,  widening-  the  wound  slightly 
by  a  lateral  movement  on  withdrawing.  These  precautions 
are  to  avoid  wound  of  the  lens,  which  is  projected  forward  as 
the  aqueous  escapes.  The  fixation-forceps  may  be  put  down, 
or,  if  necessary,  an  assistant  takes  charge  of  them.  Now 
introduce  the  iris-forceps  closed,  and  opening  them  slightly 
when  the  points  are  opposite  the  inner  part  of  the  iris,  seize 
the  latter  and  draw  it  g-enth^  out;  cut  oflf  the  part  outside  the 
wound  by  one  snip  of  the  scissors.     The  curette  is  now  very 


Fig.  20. — Keratome. 

gently  passed  over  the  wound,  and  if  the  iris  tends  to  prolapse, 
its  end  is  insinuated  so  as  to  depress  either  side;  this  manipu- 
lation is  to  avoid  future  bulging  or  prolapse  of  the  iris.  The 
eye  is  then  bandaged  up  for  three  or  four  days. 

Iridectomy  for  Glaucoma. — This  differs  from  the  preced- 
ing operation  in  the  following  points:  1.  A  larger  wound 
must  be  made  further  backward,  1  to  2  mm.  behind  the  ap- 
parent sclero-corneal  junction  (Nettleship).  It  will  be  remem- 
bered that  the  cornea  is  a  little  overlapped  by  the  sclerotic, 
like  a  watch-glass  by  the  rim  of  the  watch;  in  fact,  as  long 
as  the  track  of  the  incision  is  just  in  front  of  the  iris-attach- 
ment it  cannot  be  made  too  far  back.  2.  A  large  piece  of  the 
iris  must  be  excised  right  up  to  its  ciliary  origin.  3.  The  iri- 
dectomy should  always,  if  possible,  be  performed  upward,  so 
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that  the  resulting-  coloboma  may  be  concealed  by  the  upper 
lid.  4.  Whereas  the  previous  operation  may,  in  adults,  be 
performed  under  the  influence  of  cocaine,  in  the  case  of  glau- 
coma it  is  better  to  give  an  angesthetic. 

Instruments  Required.  —  Speculum,  fixation  -  forceps, 
Graefe's  cataract-knife  (not  too  flexible,)  iris-forceps  and  scis- 
sors, curette.  The  speculum  being-  fixed,  and  the  conjunctival 
surface  irrigated  with  boracic  lotion  (this  measure  is  perhaps 
advisable  in  all  operations  in  which  the  g-lobe  is  wounded), 
enter  the  point  of  the  Graefe's  knife  through  the  sclerotic,  one 
millimeter  behind  the  corneal  margin  (of  course  with  the  blade 
of  the  knife  directed  upward),  pass  it  directly  across  in  front 
of  the  iris,  transfix,  and  cut  upward,  so  as  to  include  nearly 
one-third  of  the  sclerotic  margin,  in  which  the  whole  incision. 


Fig.  21.— Graefe's  knife. 

lies.  The  cutting-  is  done  by  a  gradual  to-and-fro  movement 
of  the  knife,  the  g-lobe  being-  fixed  by  the  fixation-forceps  which 
grasp  the  conjunctiva  firmly  below  the  cornea. 

The  iris-forceps  is  now  introduced  and  directed  toward  the 
right  side  of  the  wound,  then  opened  and  made  to  seize  the 
iris,  and  draw  it  out ;  the  scissors  then  divide  the  membrane 
on  the  right  side  of  the  wound.  The  iris  is  now  drawn  stead- 
ily out  as  far  as  it  will  come,  until  a  second  cut  can  be  made 
on  the  left  side  of  the  wound.  Replace  the  edges  of  the  cut 
iris  with  the  curette  or  small  vulcanite  spatula,  and  bandage 
the  eye  for  a  week,  changing-  the  dressing-  once  daily,  and 
batliing-  the  lids  each  time  it  is  changed.  Sometimes  an  iri- 
dectomy is  performed  for  relapsing-  iritis  or  for  occlusion  or 
exclusion  of  the  pupil.  In  this  case  it  should  be  free,  although 
the  incision  need  not  be  quite  so  large  as  for  glaucoma,  and 
may  well  be  made  with  the  keratome  (a  broad  triangular  one). 
In  these  cases  the  iris  has  generally  become  either  tough  or 
"  rotten  "  hy  the  previous  inflammation,  and  it  is  very  difficult 
to  draw  it  out ;  it  may  be  necessary  to  introduce  the  iris-for- 
ceps more  than  once. 

Dangers  and  Difficulties  of  D'idectomy  for  Glaucoma. — 
The  anterior  chamber  being  nearly  always  very  shallow,  and 
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both  iris  and  lens  beini;"  pushed  forward,  there  is  great  diffi- 
culty sometimes  in  making"  the  incision  correctly,  and  if  a 
keratome  be  used  there  is  no  slig-ht  risk  of  wounding  the  lens- 
capsule  with  its  point,  hence  I  have  described  the  operation  as 
performed  with  the  cataract-knife,  in  which  there  is  no  such 
danger.  Some  operators,  however,  still  prefer  the  use  of  a 
keratome. 

The  vessels  about  the  sclero-corneal  margin  being  engorged 
during  acute  glaucoma,  considerable  bleeding  often  occurs 
when  they  are  cut  across.  If  much  extravasation  occur  into 
the  anterior  chamber  it  may  be  mosth'  removed  by  pressure 
on  the  cornea  with  the  curette,  but  a  little  blood  in  this  situa- 
tion is  fairl}^  rapidly  absorbed. 

Sometimes  the  sudden  relief  of  tension  causes  free  hemor- 
rhage into  the  retina  and  vitreous,  and  the  eye  will  almost  in- 
evitably then  need  to  be  excised. 

Eserine-drops  may  be  used  after  an  iridectomy  for  glau- 
coma if  the  tension  still  remains  full ;  atropine-drops  after  an 
iridectomy  for  iritis,  etc. 

5.  Extraction  of  cataract  (the '"  modified  linear  "  metliod). — 
In  a  few  cases  (chiefly  those  of  ver3'  slowly  maturing*  cataract, 
or  those  in  which  one  eye  has  been  previousl}^  operated  on  and 
lost  in  consequence  of  the  operation)  an  iridectomy  is  per- 
formed upward,  and  some  weeks  or  months  afterward  the 
extraction  is  completed ;  that  is,  the  operation  is  divided  into 
two  stag'es.  But  in  most  cases  the  iridectomy  is  nuide  as  one 
step  of  the  oj^eration. 

Instruments  Required. —  Speculum,  fixation  -  forceps, 
Graefe's  cataract-knife  (which  should  be  ascertained  to  be  ex- 
tremely sharp  along  its  whole  length),  fixation  and  iris  for- 
ceps, iris-scissors,  cystitome  (perhaps  the  best  is  one  with 
the  point  bent  at  right  angles),  caoutchouc  curette.  The  fol- 
lowing instruments  should  be  had  in  readiness,  although  not 
usually  required:  scoop  for  extraction  of  the  lens,  lid-elevator. 

The  use  of  cocaine  has  practically  superseded  chloroform 
or  ether  in  cataract  extraction ;  but  in  the  case  of  very  nervous 
patients  it  is  better  to  give  an  aneesthetic  for  fear  of  a  sudden 
squeeze  or  movement  of  the  eye  during  the  operation.  Under 
cocaine  the  only  really  painful  part  of  the  operation  is  the 
iridectomy,  and  the  patient  should  be  warned  of  this  before 
the  iris  is  seized  and  drawn  out. 


414 


Aids  to  OpJitJialniic  Medicine  and  Surgery. 


Position — the  operator  stands  behind  the  patient,  who  hes 
down,  with  the  head  carefully  steadied  by  the  pillow,  and  who 
turns  both  face  and  e^^es  somewiiat  downward. 

The  speculum  is  introduced  and  the  conjunctiva  irrigated 
with  some  non-irritating-  antiseptic  solution  {e.g.,  weak  boracic 


Fig.  22.— Lid-elevator. 

acid  lotion).  All  the  instruments  should  have  been  dipped  in 
a  similar  antiseptic. 

NoTE.— Bichloride  of  mercury  solution  is  not  a  g-ood  one, 
as  it  tends  to  blunt  the  knife  slig-htly,  as  well  as  to  produce 
haziness  of  the  cornea,  especially  if  the  latter  has  been  cocain- 
ized. 

With  the  fixation -forceps  in  the  left  hand,  seize  the  con- 
junctiva below  the  cornea  exactly  in  the  vertical  meridian,  fix 


Fig.  23. — Cystitome  (rectangular). 

the  g-lobe  so  that  it  looks  somewhat  dow^nward,  and  make  the 
section  at  the  upper  edge  of  the  cornea  so  as  to  include  about 
two-fifths  of  its  circumference.  The  cataract-knife  is  entered 
toward  the  outer  side  of  the  eye,  at,  or  a  very  little  behind, 
the  sclero-corneal  margin,  with  its  point  directed  toward  the 
centre  of  the  pupil.  As  soon  as  it  has  entered  the  anterior 
chamber  the  handle  is  depressed  and  the  blade  carried  across 


"Fig.  24.— Curette. 


in  front  of  the  iris,  so  as  to  transfix  the  cornea  at  the  same 
level  as  its  point  of  entrance.  By  a  gentle  to-and-fro  move- 
ment of  the  knife  it  is  made  to  cut  outward ;  as  it  does  so,  the 
edg-e  of  the  blade  is  sloped  a  little  forward,  so  that  the  middle 
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of  the  incision  is  on  a  slig'litly  anterior  plane  to  that  of  either 
end.  This  is  to  favor  the  escape  of  the  lens,  which  tends  to 
emerg-e,  not  directly  upward,  but  forward  and  upward;  i.e., 
its  upper  edg-e  is  tilted  forward  by  the  pressure  on  the  lower 
part  of  the  cornea.    Take  care  while  completing  the  section 


Fig.  25.— Broad  fixation-forceps  ;  those  usually  employed  are  more  narrow  at  the  ends^ 

and  have  no  catch. 

not  to  press  on  the  g-lobe  with  the  fixation-forceps;  they 
should,  on  the  other  hand,  be  simply  exercising-  downward 
traction.  2.  Now  lay  down  the  knife,  and  with  the  iris-forceps 
in  the  left  hand,  and  the  scissors  in  the  rig-ht,  perform  a 
medium-sized  iridectomy  (the  assistant  may,  if  required,  con- 
tinue the  fixation  of  the  giobe).  3.  Introduce  the  cystitome, 
held  in  the  rig-ht  hand,  and  with  the  blunt  ang-le  of  its  end  first; 
then  turn  the  instrument  so  that  its  point  is  directed  toward 
the  lens,  and   draw  it  across  the  capsule  from  side  to  side^ 


Fig.  26.— Peripheral  linear  section.      The  fixation-forceps  should  grasp  the  conjunctiva, 
below,  and  not  to  the  inner  side  as  drawn  in  this  figure. 


Some  operators  add  a  vertical  tear  of  the  capsule;  in  any  case 
remember  the  convexity  of  the  lens  in  using-  the  cystitome.  4. 
Relax  the  pressure  of  the  speculum— best  done  by  the  assistant 
drawing-  it  forward  so  as  to  keep  the  lids  apart,  but  not  to 
press  on  the  g-lobe.     Apply  the  curette  over  the  lower  part  of 
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the  cornea,  anel  exercise  steady  i;ressure  with  it  by  means  of 
its  convex  surface.  The  lens  should  now  present  in  the  wound, 
and  the  pressure  is  kept  up  until  it  enierg'es,  carefully  relaxing- 
after  the  widest  part  of  the  lens  has  come  throug-h.  (At  this 
stage  injudicious  pressure  will  be  followed  by  escape  of  vitre- 
ous.) Remove  the  speculum.  5.  Examine  the  pupil  to  see  if 
it  is  uniformly  black,  or  if  any  part  of  the  lens  has  remained 
behind.  If  the  latter,  exert  backward  and 
upward  pressure,  with  the  index-finger  placed 
on  the  lower  lid.  If  the  cataract  has  been  a 
hard  one  and  complete,  this  will  probably  not 
Fig.  27. -Outline  of  be  required.  Otherwise  the  remains  of  the 
peripheral  section.  |^,j^g  gi^Quld  be  coaxcd  out  if  they  will  come 
without  prolonged  manipulation,  which  is  decidedly  danger- 
ous; and  it  is  better  to  leave  some  lens-matter  than  to  incur 
the  risk  of  suppuration.  6.  Ascertain  that  the  iris  does  not 
tend  to  bulge  into  the  wound ;  if  it  does,  depress  each  edge 
with  the  curette. 

Finally,  place  a  pad  (corrosive  sublimate  lint,  with  absorb- 
ent cotton-wool,  is  a  g"ood  material)  over  each  eye,  and  ban- 
dage both  with  a  single  well-adjusted  fold,  which  must  exercise 
slight  pressure  on  the  closed  lids.  A  four-tailed  bandage,  the 
ends  passing'  above  and  below  the  ears,  is  least  likely  to  slip. 

Difficulties  and  Dangers  of  the  Operation. — If  the  left 
eye  is  operated  on,  the  knife  must  be  held  in  the  left  hand  in 
making"  the  section.  An  immature  cataract  is  very  prone  not 
to  come  out  cleanly;  on  the  other  hand,  an  over-ripe  one  may 
also  g-ive  trouble.  The  wound  ma^^  be  too  small  to  allow  of 
the  exit  of  the  lens,  and  in  this  case  it  must  be  enlarged  with 
scissors.  The  rent  in  the  capsule  may  similarly  be  insufficient 
(as  shown  by  the  lens  not  presenting-  on  pressure),  and  the 
cystitome  must  be  again  used.  But  the  chief  accident  which 
it  to  be  dreaded  at  the  time  of  operation  is  escape  of  vitreous. 
If  the  section  is  made  too  far  back,  or  if  the  vitreous  be  too 
fluid,  this  may  occur  during-  the  moment  the  pressure  is  ap- 
plied, or  it  may  follow  the  escape  of  the  lens  (generally  due  to 
the  pressure  being  continued  too  long). 

If  vitreous  present  before  the  lens,  the  scoop  must  at  once 
be  introduced,  passed  behind  the  cataract,  and  the  latter  g-ently 
drawn  out  by  means  of  the  projecting  lower  edge  of  the  in- 
strument. The  bead  of  vitreous  may  then  be  snipped  ofl"  with 
scissors,  and  the  eye  bandag'ed  as  soon  as  possible. 
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The  chief  remaining'  complications  are  the  following-: 

1.  Vomiting-  or  coughing,  etc.,  during  the  next  few  hours, 
producing'  hemorrhage  into  the  eye,  or  escape  of  its  contents. 
Hence  the  importance,  where  an  angesthetic  is  used,  of  care- 
fully preparing'  the  patient,  and  the  great  advantage 
of  using'  cocaine. 

2.  Iritis  coming-  on  during'  the  first  three  or  four 
days;  it  is  to  be  suspected  if  the  patient  complains 
much  of  pain  in  the  forehead  and  eye,  and  is  to  be 
treated  by  atropine  and  leeches  to  the  temple. 

3.  Suppuration  starting  in  the  wound  and  spread- 
ing to  the  whole  globe.  Pain,  restlessness,  chemosis 
of  the  conjunctiva,  and  a  yellowish  tinge  about  the 
wound  and  pupil  are  the  chief  signs.  As  a  rule,  it 
leads  to  disorganization  of  the  globe,  and  then  requires 
excision ;  but  if  recognized  at  first,  the  opening  of  the 
wound  and  irrigation  through  a  fine  nozzle  with  an 
antiseptic  solution,  or  the  application  of  the  galvano- 
cautery  to  the  wound  (in  the  very  earliest  stage)  has 
been  occasionally  followed  by  arrest  of  the  process. 

Severe  iritis  and  suppuration  are  the  chief  causes 
of  complete  loss  of  vision  after  cataract  extraction. 

4.  There  is  a  ver^'  small  risk  of  sympathetic  oph- 
thalmia, since  the  wound  practically  lies  in  "  the  dan- 
gerous area." 

Modifications  of  the  Operation. — Some  operators 
dispense  with  the  iridectomy;  others  make  a  wholly 
corneal  section.  The  capsule  may  be  cut  with  the 
Graefe's  knife,  and  the  use  of  the  cystitome  avoided, 
or  the  lens  may  be  got  out  in  its  capsule  entire  by 
means  of  the  scoop.  There  is  some  variety  in  the  kind 
of  knife  used,  and  the  old  corneal  flap  operation  was 
done  with  a  Beer's  triangular  knife. 

After-ty^eatment  of  Cataract  Cases. — The  band- 
age and  pad  is  changed  at  the  end  of  twenty-four  or 
forty-eight  hours,  the  lids  gently  bathed  with  warm 
water,  and  the  dressing-  again  changed  daily  until  six 
or  seven  days  have  elapsed,  when  a  shade  may  be  worn  and 
the  patient  allowed  up.  Previous  to  this,  it  is  best  to  keep 
the  patient  in  a  darkened  room.  At  the  end  of  a  fortnight  the 
patient  may  go  out,  wearing  protective  g'oggles,  and  as  soon 
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as  the  wound  is  soundly  healed,  and  the  eye  quite  quiet,  the 
vision  should  be  tested  and  glasses  ordered.  Two  pairs  of 
spectacles  will  be  needed,  one  of  from  +10  D  to  + 13  D  for 
distant  vision,  the  other  +  15  D  to  +  20  D  for  reading-.  Astig- 
matism may  interfere  with  these  giving  the  patient  good 
sight,  and  should  be  then  corrected.  Another  frequent  cause 
of  defect  after  the  operation  is  the  persistence  of  opaque  lens 
capsule;  this  is  detected  by  oblique  illumination  (the  pupil 
being  dilated),  and  requires  one  or  more  needling  operations. 

The  after-treatment  just  mentioned  is  only  a  rough  outline, 
and  must  be  modified  to  suit  different  cases.  Surgeons  are 
now  becoming  less  rigorous  in  the  restrictions  as  to  darkness, 
etc.,  and  some  only  cover  up  the  eye  operated  upon.  (For 
operation  on  soft  cataracts,  see*p.  377.) 


CHAPTEE   XII. 

ON    REFRACTION. 

In  what  follows  a  purely  practical  review  of  the  methods 
of  testing-  for  spectacles  will  be  g-iven,  an  elementary  knowl- 
edge of  optics  being  assumed.  For  fuller  details  the  student 
may  refer  to  the  works  of  Landolt,  Nettleship,  and  Morton. 
So  complicated  are  some  of  the  problems  in  connection  with 
working  out  some  errors  of  refraction  that  only  long  practical 
experience  can  enable  one  to  avoid  errors,  and  it  is  impossible 
in  the  space  at  our  command  to  give  more  than  an  outline  of 
the  subject. 

An  emmetropic  eye  is  one  in  which  parallel  rays  are  broug-ht 
to  a  focus  on  the  retina  when  the  eye  is  at  rest,  i.e.,  when  no 
accommodation  is  being  used.  Hence  a  patient  whose  accom- 
modation is  paralyzed  by  hom atropine,  and  who  can  then  read 
1^,  may  be  considered  emmetropic,  since  rays  coming-  from  a 
point  at  a  distance  of  20  feet,  or  6  metres,  may  be  practically 
considered  to  be  parallel. 

A  mj^opic  eye  is  one  in  which  parallel  rays  come  to  a  focus 
in  front  of  the  retina  w^hen  the  eye  is  at  rest.  Hence  myopia 
is  invariably  accompanied  by  more  or  less  defect  of  distant 
vision.  M^'opia  usually  comes  on  in  childhood,  or  early  adult 
life,  when  the  eyes  beg-in  to  be  much  used  in  near  vision,  read- 
ing and  the  like,  and  often  tends  steadily  to  advance.  Strain 
of  the  eyes,  as  m  reading-  bad  or  very  small  print,  or  in  work- 
ing in  a  bad  light,  favors  its  development  and  progress,  thoug-h 
occasionally  high  degrees  of  short-sight  are  met  with  in  pa- 
tients who  have  never  used  the  eyes  much  in  near  vision. 

A  short-sighted  patient  will  be  found  usually  to  hold  a 
book  abnormalh^  close  to  the  eyes,  as  well  as  to  have  defect  in 
distant  vision. 

In  hypermetropia  parallel  rays,  when  the  eye  is  at  rest, 
are  brought  to  a  focus  behind  the  retina.  The  defect  depends 
11—28 
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upon  the  shape  of  the  eye  or  curvature  of  the  cornea,  and  is 
often  inherited,  a  large  proportion  of  eye&  being*  hypermetropic 
at  birth.  It  usually  remains  quite  stationary,  but  sometimes 
decreases,  so  that  a  hypermetropia  of  one  or  two  dioptres 
may,  in  the  course  of  a  few  years,  disappear;  this,  however,  is 
unusual.  B^^  accommodation  (contraction  of  the  ciliar^^  mus- 
cle), rays  from  a  distance  passing-  into  a  hypermetropic  eye 
can  be  made  to  converg-e  on  the  retina;  hence  a  j^oung-  subject 
with  powerful  ciliary  muscle  can  readily  conceal  a  consider- 
able degree  of  hypermetropia. 

By  presbyopia,  or  old-sig'ht,  is  meant  that  stage  of  the 
gradual  failure  of  accommodative  power  at  which,  in  an  em- 
metropic eye,  reading  small  print  becomes  impracticable  at  a 


Fig.  29. — H,  hypermetropia;  E,  emmetropia;  G,  myopia.  This  diagram  represents  the 
condition  of  an  eye  when  looking  at  a  distant  object  A  B,  the  ciliary  muscle  being  at  rest. 
A  clear  image  is  then  only  formed  in  the  emmetropic  eye  E,  but  by  using  the  accommoda- 
tion it  can  also  be  obtained  in  the  h3-perinetropic  eye  H. 

nearer  distance  than  nine  inches.  The  power  of  accommoda- 
tion is  at  its  maximum  (14  D)  about  the  age  of  ten  years,  and 
steadily  decreases,  until  at  the  age  of  sevent^'-five  no  accom- 
modation is  possible.  This  gradual  decrease  depends  both  on 
failure  of  the  muscle  and  loss  of  elasticity  of  the  lens,  especially 
the  latter.  At  forty  to  fortj-five  years  a  normal  eye  possesses 
4  or  4.5  dioptres  (for  explanation  of  "dioptre"  see  p.  433)  of 
accommodation,  and  can  read  1  Jager  print  as  near  as  ten 
inches.  At  or  after  this  age  it  will  require  a  convex  lens  to 
bring  the  print  at  this  distance  into  focus.  The  practical  de- 
duction is  that  presbyopia  usually  begins  at  forty-five  years, 
and  steadily  increases.  Thus  an  emmetropic  eye  at  forty-five 
will  probably  need  +  1  D  for  near  vision,  +  2  D  at  fifty,  and 
so  on,  with  an  increase  of  -1-  1  D  for  each  five  years  up  to  fiftj''- 
five  or  sixty,  after  which  the  increase  is  rather  slower. 
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A  hypermetropic,  or  long'-sightecl  patient,  will  need  glasses 
for  reading"  sooner  than  an  emmetropic  eye;  thus  a  patient 
with  +  1  D  of  H  will  probably'  want  this  glass  at  forty  years. 
In  myopia,  on  the  other  hand,  the  near-point  is  to  start  with 
abnormally  near  the  eye,  and  hence  the  onset  of  presbyopia  is 
delayed.  In  high  degrees  of  short-sight  the  patient  may  be 
able  to  dispense  with  glasses  for  reading  until  a  very  advanced 
age. 

Astigmatism. — Not  only  may  the  cornea  be  abnormally 
curved  in  its  whole  extent,  but  it  may  be  unequally  curved  in 
two  meridia,  the  axes  of  which  are  at  right  angles  to  each 
other  in  "regular  astigmatism,"  the  usual  form,  and  the  only 
one  which  can  be  corrected  by  glasses.  The  horizontal  meridian 
of  the  cornea  is  usually  that  which  is  least  curved,  the  vertical 
one  the  most.  In  "'  simple  myopic  astigmatism,"  one  meridian, 
usually  the  vertical  one,  is  mj'opic,  the  other  emmetropic. 
Various  other  terms  are  used  with  regard  to  astigmatism; 
thus  in  "  compound  hypermetropic  astigmatism  "  both  meridia 
are  hypermetropic;  but  one  of  them,  usually  the  vertical  one, 
is  more  so  than  the  other.  The  meridia  are,,  however,  fre- 
quently not  exactly  horizontal  and  vertical,  but  inclined,  still 
always  at  right  angles  to  each  other  in  regular  astigmatism. 

In  testing  for  errors  of  refraction,  alwaj^s  test  each  eye 
separately;  note  both  near  and  distant  vision,  and  begin  with 
the  latter.  The  younger  the  patient  the  more  important  is  it 
to  remember  that  contraction  of  the  ciliarj^  muscle  maA'  give 
deceptive  results,  and  to  avoid  this  by  the  use  of  atropine  or 
homatropine. 

1.  In  liA'permetropic  cases  the  patient  very  commonly 
complains  of  aching  in  the  eyes  or  forehead  in  reading  or 
writing,  due  to  the  strain  upon  his  ciliary  muscle.  The  higher 
the  degree  of  long-sight  the  earlier  will  the  patient  probably 
complain;  thus  he  may  not  feel  any  inconvenience  from  H  of 
-J-  1  or  -|-  2  D  until  he  is  forty  j^ears  of  age;  but  cases  differ 
very  much  in  this  respect,  women  appearing  to  be  more  incon- 
venienced \)y  low  degrees  of  hypermetropia  than  men,  and 
constant  application  of  the  eyes  to  fine  work,  reading",  or  wi-it- 
ing,  causing  a  slight  amount  of  hA'permetropia  to  be  early 
noticed.  A  frequent  complication  of  hypermetropia  in  early 
life  is  convergent  strabismus  (the  most  usual  form  of  squint); 
in  this,  w^hile  one  eye  is  directed  on  an  object  the  axis  of  the 
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other  is  directed  to  its  inner  side.  The  squinting"  ej^e  is  fre- 
quently ambl3'opic;  that  is,  while  it  retains  some  vision  {e.g., 
•jS—p  and  13  J.),  it  cannot  be  improved  much  above  this  by  any 
glass.  No  change  can  be  found  in  the  fundus,  and  the  ambly- 
opia is  probably  congenital.  In  these  cases  the  strabismus  is 
constant;  it  is  always  the  defective  eye  which  squints.  In 
others  the  strabismus  is  alternating;  that  is,  sometimes  one 
eye  squints,  sometimes  the  other,  and  then  both  eyes,  as  a 
rule,  possess  good  vision.  The  degree  of  squint  is  b3^  no  means 
proportional  to  the  amount  of  hypermetropia;  as  a  rule  the 
cases  with  high  H  (+  8  D  to  +  12  D)  do  not  squint.  Some- 
times, but  only  occasionally,  convergent  strabismus  is  found 
in  emmetropic  e^^  es. 

Example  1. — A  child  is  brought  with  convergent  strabis- 
mus. The  distant  vision  is  found  to  be  \%,  or  f  in  one  eye,  y-oV 
or  3^3-  in  the  other  (the  squinting  one).  Paralyze  the  ciliary 
muscle,  b}^  the  use  of  atropine  for  two  or  three  days,  or  by  the 
application  of  homatropine  (4  grains  to  the  ounce)  thoroughly 
to  both  eyes  for  about  an  hour.  The  refraction  is  then  tested 
either  with  keratoscopy  or  the  ophthalmoscope,  the  first  being 
the  most  convenient.  Without  going  into  the  theory  of  kera- 
toscopy, or,  as  it  is  sometimes  called,  retinoscopy,  the  follow- 
ing outline  may  suffice :  The  patient  sits  in  a  dark  room  with 
a  good  light  above  and  behind  his  head,  and  is  told  to  look 
straight  forward.  The  observer  seats  himself  at  a  distance  of 
one  metre  in  front  of  the  patient,  and  with  a  slightly  concave 
perforated  mirror  before  his  eye  reflects  the  light  on  to  the 
patient's  cornea.  He  then  tilts  the  mirror  slightly  from  side 
to  side,  and  from  above  downward.  A  shadow  is  seen  to 
move  across  the  patient's  eye  in  the  same  direction  as  the 
mirror  if  the  eye  is  myopic,  in  the  opposite  direction  if  emme- 
tropic or  hypermetropic.  Supposing  the  latter,  convex  lenses 
are  in  turn  placed  just  in  front  of  the  patient's  eye,  and  the 
movements  of  the  mirror  repeated  until  no  shadow  is  observed, 
when  the  error  of  refraction  is  slightly  over-corrected.  For 
example,  if  neutralization  occurs  at  +  4  D,  when  the  shadow 
no  longer  moves  across  the  eye,  or  has  become  extremely  faint, 
the  amount  of  hypermetropia  will  be  about  +  3  D.  The  rule 
is,  from  the  result  found  by  keratoscopy  in  hypermetropia  de- 
duct from  +  5  D  to  +  1  D;  add  to  it  in  myopia  —.5  or  —  1  D 
(in  high  myopia  keratoscopy  is  not  so  trustworthy  as  in  other 
cases). 
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In  our  example  of  strabismus  the  hypermetropia  has  been 
found  to  be  +  3  D.  and  no  astig-niatism  exists,  since  the  spheri- 
cal lens  of  +  4  D  corrects  the  shadow  in  both  meridia.  The 
result  may  now  be  confirmed  by  the  ophthalmoscope,  the  ob- 
server using"  the  du'ect  method,  relaxing-  his  accommodation 
to  the  utmost,  and  rotating  the  convex  glasses  in  his  instru- 
ment so  long  as  the  details  of  the  disc  are  clearly  defined. 
The  highest  lens  with  which  this  is  possible  indicates  the 
amount  of  hypermetropia.  Or  if  the  patient  can  read,  confirm 
the  result  by  using  convex  lenses  with  the  type  at  six  metres 
distance,  and  it  will  be  found  that  with  the  +  3  D  he  reads  f 
with  the  best  eye,  the  vision  of  the  squinting  one  being  not 
materially  improved. 

The  full,  or  very  nearly  the  full,  correcting-g'lass  should 
now  be  ordered  for  constant  use,  and  if  the  squint  be  of  only 
moderate  extent,  after  some  little  time  the  eyes  are  found  to 
remain  straight  so  long  as  the  glasses  are  worn.  After  a  few 
j^ears'  use  of  the  g-lasses  the  strabismus  will  very  likely  be 
permanently  cured.  If,  however,  the  squint  is  very  marked 
(over  20°),  tenotomy  of  one  internal  rectus  will  probably  be 
required;  and  if  this  does  not  succeed,  tenotomy  of  the  oppo- 
site internal  rectus  or  advancement  of  the  external  muscle 
may  be  necessary.  But  in  any  case  of  hypermetropia  with 
converg-ent  squint,  a  thorough  trial  of  fully-correcting"  glasses 
should  be  made,  so  long-  as  the  patient  is  old  enoug'h  to  wear 
them.  In  children  under  two  or  three  years,  if  it  is  not  prac- 
ticable to  use  them,  the  internal  rectus  of  the  squinting-  eye 
may  be  divided  first,  and  subsequently  the  error  of  refraction 
corrected. 

Example  2, — A  young  adult  comes  complaining  of  head- 
ache on  use  of  the  eyes  in  near  vision,  and  of  the  letters  "  run- 
ning into  one  "  when  he  reads.  There  is  no  strabismus.  Take 
the  near  and  distant  vision  of  each  eye,  noting  the  far  and 
near  point  for  reading,  and  then  examine  for  *'  manifest  hyper- 
metropia,"' This  is  done  by  putting  up  a  high  convex  lenss 
(say  +  6  D)  before  the  e^-e,  and  then  gradually  diminishing  its 
effect  \iy  placing-  successive  concave  glasses  (—ID,  —  1.5  D, 
—  2D,  etc.)  in  front  of  it.  The  highest  lens  with  which  he 
reads  f,  indicates  the  manifest  hypermetropia,  and  in  patients 
over  thirty  this  is  often  the  total  amount,  and  this  glass 
should  be  ordered  for  reading-,  etc.     But  in  our  example,  a 
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young  adult,  the  probability  is  that  he  is  concealing-  a  certain 
amount  of  hypermetropia  by  contraction  of  the  ciliary  muscle. 
This,  the  "  latent  hypermetropia,"  should  be  estimated  by 
keratoscop3'  or  the  ophthalmoscope>  after  paralyzing-  the  ac- 
commodation with  homatropine.  The  great  advantag-e  of 
this  drug  over  atropine  is  that  its  effects  pass  off  in  a  day, 
whereas  atropine  leaves  the  accommodation  impaired,  as  a 
rule,  for  a  week.  And  for  practical  purposes  the  four-g-rain 
solution  of  homatropine,  if  applied  several  times  during-  an 
hour,  will  obtain  perfect  relaxation  of  the  ciliarj"  muscle. 

Let  us  suppose  that  a  total  hypermetropia  of  +  7  D  is 
found  in  one  e^'-e,  of  +  5  D  in  the  other  ("  anisometropia,"  or 
unequal  refraction  in  the  two  eyes).  The  patient  with  this 
degree  should  certainly  be  ordered  to  wear  glasses  for  near 
vision,  but  will  prefer  to  have  not  quite  the  full  correction. 
Deduct  +  1  D,  or  +  1.5  D,  from  the  result,  and  order  +  5.5  D 
for  one  eye,  +  3.5  D  for  the  other.  More  commonly  the  two 
eyes  are  equally  long-sig-hted,  and  when  in  low  deg-rees  {e.g., 
+  2  D  or  +2.5  D)  order  the  full  correction,  in  high  degrees 
deduct  one  or  two  dioptres.  But  in  doing  this  consideration 
must  be  made  for  each  individual  case;  some  patients  will  use 
the  full  correcting  glass  without  difficult^',  for  others  it  is  best 
to  order  a  weaker  lens  at  first,  and  subsequently^  (after  some 
months'  use)  increase  the  strength. 

Keratoscopj'  is  the  best  method  of  detecting  hypermetropia, 
and  it  is  very  easily  learnt;  the  direct  method  with  the  oph- 
thalmoscope is  more  difficult,  but  equally  good  in  the  hands 
of  practised  observers  (provided  both  patient  and  surgeon  are 
relaxing  their  accommodation  at  the  time  of  the  observation). 
In  examining  by  keratoscopy  a  case  of  either  high  hyperme- 
tropia or  myopia  the  shadow  will  be  noticed  to  move  slowly, 
to  be  rather  ill-defined,  and  to  have  a  somewhat  crescentic 
border.  As  the  successive  correcting  lenses  are  placed  before 
the  patient's  eye  in  the  frame,  and  the  movements  of  the  mir- 
ror repeated,  the  shadow  moves  faster,  becomes  more  sharply 
defined,  and  loses  its  curved  outline. 

If  a  hypermetropic  eye  be  examined  by  the  indirect  method, 
and  both  lens  and  observer's  head  and  mirror  moved  steadily 
away  from  the  patient,  the  size  of  the  disc's  image  is  seen  to 
decrease ;  in  myopia  if  this  experiment  is  tried  the  opposite  is 
the  case.     If  the  surgeon  use  his  ophthalmoscope  mirror  alone 
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and  rellect  the  light  into  the  patient's  eye,  the  retinal  vessels 
and  disc  are  distinguished  {e.g.,  at  a  distance  of  one  or  two 
feet);  and  if  he  then  move  head  and  mirror  from  side  to  side, 
the  image  of  the  A^essels  will  be  noticed  to  move  in  the  same 
direction  as  his  head.  In  mj^o^Dia  it  moves  in  the  reverse  di- 
rection. 

To  recapitulate; 

(1)  In  hypermetropia  convergent  strabismus  is  a  frequent 
symptom  in  childhood;  in  later  life  frontal  headache  and  dilfl- 
culty  in  near  vision  (and  in  some  cases  of  high  degree  in  dis- 
tant vision  also)  are  the  most  characteristic  features.  It  may 
be  noted  that  some  congestion  of  the  lid-margins  and  even 
blepharitis  are  occasional  complications  of  long-sight,  and  may 
be  cured  bj^  wearing  the  proper  glasses. 

(2)  The  total  amount  of  hypermetropia  is  divided  into  the 
latent  and  manifest  parts;  the  latter  can  be  estimated  by 
the  highest  lens  the  patient  takes  for  clear  distant  vision,  the 
former  only  after  the  ciliary  muscle  has  been  paralj^zed  for  a 
time  (in  young  subjects). 

(3)  Keratoscop}'  and  the  direct  ophthalmoscopic  method 
are  the  best  waj'S  of  determining  the  degree  of  long-sight; 
but  in  every  case,  if  the  patient  can  read,  the  result  should  be 
confirmed  by  trial  in  distant  vision  of  the  lenses  before  order- 
ing the  spectacles. 

A  common  mistake  of  students  is  to  imagine  that  beciause 
the  patient  does  not  see  well  in  near  vision  the  first  thing  in 
hj'permetropia  is  to  try  what  glasses  he  can  read  small  print 
well  with;  this  would  often  give  the  right  result,  but  in  many 
cases  would  be  quite  untrustworthy. 

2.  Myopia. — As  already  stated,  defect  in  distant  vision  is 
the  commonest  symptom,  and  if  the  short-sight  be  more  than 
of  very  moderate  degree,  it  will  be  found  that  the  patient  holds 
print  nearer  than  normal  to  the  eye.  Myopia  is  due  to  elonga- 
tion of  the  globe,  which  may  often  be  detected  by  the  promi- 
nence of  the  eye  or  the  great  extent  of  sclerotic  exposed  on 
looking  sideways.  In  high  degrees  there  is  nearly  always 
bulging  of  the  sclerotic  at  the  posterior  pole — i.e.,  just  outside 
and  around  the  optic  disc.  This  bulging  is  accompanied  by 
an  atrophy  of  the  choroid  over  it,  and  thus  with  the  ophthal- 
moscope a  Avhitish  crescent  or  circle  is  seen;  if  the  former 
onh',  the  crescent  is  observed  to  the  outer  side  of  the  disc. 
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The  term  "  posterior  staphyloma  "  is  appUed  to  the  bulg-ing-. 
The  choroid  is  g-enerally  thinned,  and  its  vessels  more  obvious 
than  usual,  and  in  some  cases  patches  of  choroidal  atrophy 
are  present  in  the  yellow-spot  region.  Myopia  tends  to  in- 
crease, partly  by  the  strain  of  the  recti  muscles  upon  the 
grlobe;  but  the  increase,  as  a  rule,  does  not  occur  after  about 
twenty-flve  years;  any  severe  illness,  and  especially  conges- 
tion of  the  eyes  brought  about  by  excessive  strain  in  near 
vision,  and  stooping  over  the  book,  etc.,  favor  its  progress. 
In  high  myopia  there  is  a  tendency  to  several  complications, 
all  seriously  damaging  the  sight.  These  are  (1)  opacities  in 
the  vitreous  ("  muscag  volitantes,"  or  floating  spots  of  irregu- 
lar shape,  form  a  common  symj^tom,  even  though  no  opacities 
can  be  detected  by  the  surg-eon);  (2)  hemorrhage  into  the 
vitreous  or  retina  after  slight  blows,  or  coming  on  spontane- 
ously; (3)  detachment  of  the  retina;  (4)  choroidal  atroph3'',  or 
"central  choroiditis;"  (5)  abnormal  fluidity  of  the  vitreous 
and  (6)  secondary  cataract,  especially  of  the  posterior  surface 
or  pole  of  the  lens. 

Just  as  convergent  strabismus  is  a  frequent  complication 
of  hypermetropia,  so  divergent  squint  is  sometimes  met  with 
in  myopia,  but  much  less  frequently.  It  is  due  to  weakness  of 
the  internal  recti,  following  upon  the  strain  thrown  upon  them 
In  near  vision;  its  treatment  consists  in  (1)  removing  the  cause 
by  using  proper  glasses;  (2)  the  addition  to  these  of  prisms 
with  their  bases  directed  inward ;  (3)  division  of  the  external 
rectus;  (4)  advancement  of  the  internal  rectus  of  the  diverg- 
ing ej^e.  Tenotomy  of  the  external  rectus  alone  rarelj'^  gives 
satisfactory  results. 

The  rate  of  increase  of  mj^opia  varies  much  among  its  sub- 
jects; sometimes  a  low  degree  {e.g.,  —3D)  coming  on  about 
puberty  i^ersists  without  becoming  more  throughout  life.  In 
these  cases  we  rarelj^  find  a  marked  crescent  round  the  disc, 
and  be^^ond  the  defect  in  distant  A'ision,  such  an  amount  of 
short-sight  entails  no  disadvantage.  Indeed,  as  soon  as  the 
presbyopic  age  (fort^^-flve)  is  reached,  it  is  an  actual  advantage, 
since  glasses  may  not  be  required  for  near  vision  until  about 
fifty -five  or  sixty  years.  In  the  more  common  cases  in  which 
the  myopia  increases,  the  eyes  are  frequently  weak  and  irri- 
table; such  complications  as  blepharitis  or  chronic  conjunc- 
tivitis are  not  infrequent.     The  muscular  weakness  (or  "as- 
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thenopia  ")  has  already  been  alluded  to,  as  well  as  the  graver 
complications. 

To  g-ive  one  or  two  examples  of  myopia  and  myopic  astig-- 
matism : 

Example  1. — A  young  man  complains  that  he  cannot  see 
across  the  street  so  well  as  he  used,  and  that  he  is  frequently 
troubled  with  floating  specks  before  his  eyes,  particularly 
when  he  is  in  a  bright  light.  His  distant  vision  is  taken  first; 
he  reads  3^,  or  -ff^,  with  either  eye,  making  out  the  letters 
with  some  difficulty,  and  "  screwing  up  his  lids  in  order  to  get 
a  clearer  view.  His  near  vision  is  then  tested,  and  he  is  found 
to  read  2  J.  from  3"  ("punctum  proximum,"  or  p.  p.)  up  to  12" 
(p.  r.  =  punctum  remotum) ;  beyond  this  distance  he  cannot 
read  it.  The  rule  in  mj'opia  now  comes  in — divide  the  dis- 
tance of  the  far  point  in  inches  into  40,  and  the  result  indicates 
roughly  in  dioptres  the  amount  of  mj^opia  present;  exactly 
the  same  is  true  if  the  distance  of  the  far  point  be  taken  in 
centimetres  and  divided  into  100. 

In  our  case  12  divided  into  40,  or  30  divided  into  100,  gives 
3.3  D.  A  —  3.5  D  glass  is  now  placed  before  each  e^^e,  and  the 
distant  vision  is  found  to  be  about  |,  or  |§,  and  no  spherical 
g-lass  is  found  to  improve.  Slight  astigmatism  is  suspected, 
and  the  patient  examined  by  keratoscop}^  when  it  is  found 
that  a  —  3  D  corrects  the  shadow-movement  in  the  horizontal 
meridian,  a  —  4  D  lens  that  in  the  vertical.  On  adding-  a  —  1  D 
cylinder  to  —  3  D  spherical  he  is  found  to  read  f  and  1  J.  up 
to  about  20".     These  glasses  are  ordered  thus  : 

—  3D  spherical. 


1  D  c^'linder  axis  horizontal. 


and  inay  be  used  both  in  near  and  distant  vision. 

Note. — It  must  be  remembered  that  a  concave  lens  lessens 
the  size  of  an  image,  and  hence  when  a  high  one  is  ordered 
the  patient  finds  that  print,  etc.,  is  rendered  so  small  that  it 
is  impossible  to  use  the  glasses  for  near  vision.  And  so  long 
as  a  myopic  patient  can  read  moderate-sized  print  at  a  rea- 
sonable distance  (10"  to  12")  it  is  unnecessary  to  wear  the 
g"lasses,  except  for  obtaining  a  clear  view  in  the  distance.  It 
is  generalh^  found  that  up  to  —  4  D  or  —  5  D  can  be  comforta- 
bly worn  in  near  vision  (and  if  this  is  the  total  myopia  thoy 
may  be  ordered  for  constant  use).     Above  this  degree  the  full 
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correction,  or  nearly  the  full,  may  be  ordered  for  use  in  dis- 
tance vision,  and  that  g-lass  (usuall}^  —  4  D  or  —  5  D)  which  will 
enable  the  subject  to  avoid  bringing-  the  book  nearer  than  10" 
for  use  in  near  vision.  To  avoid  the  trouble  of  chang-ing-  the 
spectacles  sometimes  a  moderate  concave  lens  is  ordered  in 
spectacles  for  constant  use,  and  another  concave  lens  in  eye- 
g-lasses  for  putting  up  in  front  of  the  spectacles  when  clear 
distant  vision  is  required. 

In  our  example  the  e^'es  are  examined  with  tlie  ophthal- 
moscope, and  no  cause  found  for  the  "  muscae  volitantes,"  the 
fundus  being"  normal  apart  from  the  myopia,  and  no  floating- 
particles  to  be  seen  in  the  vitreous  (to  test  for  these  use  the 
direct  method,  keeping-  one's  head  some  six  inches  away  from 
the  patient's,  while  having*  rather  a  weak  light,  and  making 
the  patient  look  up  and  down  and  from  side  to  side).  If  this 
symptom  be  very  troublesome,  and  if  the  patient's  eyes  are 
irritable  in  ordinar}^  sunlight,  it  is  a  good  plan  to  order  the 
proper  glasses  in  light  cobalt  or  neutral  tint.  In  any  case  of 
myopia  the  patient  should  be  warned  against  reading  in  a 
bad  light  {e.g.,  in  some  railway  carriages  at  night),  against 
stooping  over  his  work,  and  against  persisting  in  the  latter 
after  the  eyes  begin  to  ache;  and  if  out  of  health  tonics,  etc., 
should  be  ordered.  The  quality  of  the  print  is  considered  to 
be  an  important  factor,  and  maj"-  account  partly  for  the  great 
prevalence  of  short-sight  in  Germany.  The  best  position  for 
the  artificial  light  in  reading,  etc.,  is  on  the  left  side,  and  so 
placed  or  shaded  that  it  is  thrown  on  to  the  book  or  work,  and 
not  into  the  patient's  e^^es. 

Example  2. — A  middle-aged  patient  has  worn  concave 
glasses  for  long,  and  now  complains  that  the^^  do  not  help 
much,  and  that  the  eyes  and  head  ache  on  any  attempt  to  use 
the  former.  It  is  found  that  V  =  gJ^,  and  that  only  4  J,  can  be 
read  up  to  4".  Some  homatropine  is  applied  and  dotted  opaci- 
ties in  lens  and  vitreous  discovered,  there  being-  a  large  pos- 
terior staphyloma  and  irregular  choroidal  patches  of  atrophy 
about  the  yellow-spot  region.  A  —  10  D  or  —  12  D  lens  raises 
the  vision  to  3^,  bej'ond  Avhich  it  cannot  be  improved. 

It  is  very  difficult  to  order  glasses  which  will  help  much  in 
such  a  case;  probabl}^  with  a  —  6D  or  — 8D  (by  empirical 
rule  deduct  —  4  D  from  the  total  in  these  cases)  the  patient 
will  be  best  able  to  do  his  work,  and  these  may  be  ordered. 
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But  he  should  be  warned  ag-ainst  anything-  likely  to  produce 
congestion  of  the  eyes,  and  tinted  glasses,  or  even,  in  bad 
cases,  protective  "  goggles,"  may  be  of  service. 

The  following"  points  in  myopia  may  be  noted :  1.  Distant 
vision  is  defective,  and  improved  by  concave  lenses.  2.  In 
near  vision  the  far  point  is  nearer  the  ca'c  than  normal.  3. 
By  keratoscop3'  the  shadow  is  found  to  move  in  the  came 
direction  as  the  mirror  if  over  —  ID.  4.  B\'  the  mirror  alone 
the  retinal  vessels  are  seen  distinctly  at  some  distance  from 
the  eye,  an  I  their  image  moves  in  the  opposite  direction  to 
the  mirror.  5.  By  the  indirect  method  the  disc  looks  smaller 
than  normal,  and  appears  to  increase  in  size  as  both  mirror 
and  lens  are  withdrawn.  6.  The  disc  cannot  be  clearly  seen 
(unless  the  observer  is  himself  myopic)  by  the  direct  method 
without  a  concave  lens  in  the  ophthalmoscope. 

It  has  already  been  said  that  in  testing*  young"  adults  or 
children,  to  avoid  errors,  the  patient's  accommodation  must 
be  relaxed,  and  g-enerally  homatropine  or  atropine  is  necessary 
for  this  purpose.  Most  people  will  see  more  clearly  in  the  dis- 
tance with  a  low  concave  lens  in  front  of  their  eye,  and  many 
more  clearly  in  near  vision  with  a  convex  glass;  but  neither 
necessarily  implies  any  error  of  refraction.  Hence  the  rule — 
take  the  distant  vision  first,  and  exclude  the  presence  of  hyper- 
metropia  by  using"  convex  lenses,  and  suspect  spasm  of  accom- 
modation when  the  patient's  answers  vary  from  time  to  time. 

The  question  of  testing"  for  astigmatism  has  already  been 
alluded  to,  and  need  not  here  be  much  further  discussed — ex- 
cept to  say  that  where  it  is  suspected  owing  to  the  failure  of 
spherical  g"lasses  to  bring  the  vision  up  to  or  near  perfection, 
and  the  absence  of  any  cause  for  defect  on  examination  by 
direct  illumination  (a  frequent  cause  for  this  defect  is  an  old 
nebula  of  the  cornea)  or  by  the  ophthalmoscope,  the  ciliary 
muscle  should  be  paralyzed  by  homatropine,  and  keratoscop^- 
employed.  If  astig"matism  be  found  by  this  method,  the  result 
should  be  confirmed  b^'  testing  the  patient's  distant  vision, 
and  unless  the  cjiinder  in  the  usual  cases  of  compound  astig-- 
matism  is  a  definite  improvement,  it  should  not,  as  a  rule,  be 
ordered.  In  cases  of  mixed  astigmatism  (where  one  meridian 
is  myopic  and  the  other  hypermetropic),  if  the  defect  is  of  low 
degree,  the  hypermetropic  meridian,  as  a  rule,  alone  requires 
correction. 


430  Aids  to  OphtJialniic  Medicine  and  Snrgery, 

Some  puzzling"  cases  are  met  with  in  which  an  error  of  re- 
fraction is  susj^ected  from  the  visual  defect  and  other  s^'mp- 
toms,  and  yet  it  cannot  be  found.  Nebula  of  the  cornea  from 
previous  ulceration,  and  a  more  or  less  conical  condition  of 
the  cornea,  account  for  many  of  these  cases,  and  if  the  eye  is 
examined  by  keratoscopy  and  b}^  direct  illumination,  neither 
should  be  overlooked. 

Presbyopia. — An  emmetropic  patient  will,  as  already 
stated,  want  glasses  for  reading  at,  or  soon  after,  forty-five, 
and  starting"  form  +  1  D  he  will  require  an  addition  of  about 
+  1  D  ever}^  succeeding  five  j^ears — although  this  rule  is  only 
roughly  true  after  fifty-five.  Unusually  rapid  increase  of 
presb^^opia  sometimes  is  an  early  sig"n  of  glaucoma ;  unusually 
early  onset  probably  implies  existing  hypermetropia,  late  onset 
the  presence  of  myopia.  It  may  be  noted  that  sometimes 
mj^opic  patients  complain  of  difficulty  in  near  vision  at  the 
presbyopic  period,  and  a  low  concave  lens  is  found  to  help 
them — though  these  cases  are  infrequent. 

In  testing  a  presbyopic  patient  take  the  distant  vision  of 
each  eye  first,  and  see  if  there  is  any  hypermetropia;  if  this  is 
found,  add  the  amount  to  the  g-lass  required  according"  to  the 
rule  g"iven,  and  order  the  total  amount  for  near  vision,  first 
confirming"  the  result  with  1  J.  or  2  J.  type.  If  there  was 
originally  myopia,  its  amount  in  dioptres  would  have  to  be 
deducted  from  the  convex  glass  in  ordering". 

Example. — A  man  aged  fifty  reads  ^^  with  either  eye,  and 
+  1  D  brings  the  vision  up  to  |,  +  1^-5  D  iiot  g'iving"  so  g"Ood  a 
result;  without  g-lasses  he  reads  6  J.  up  to  12"  (p.  r.)  with  diffi- 
culty. His  presbyopia  should  be  -(-  2  D,  to  this  -|-  1  D  (mani- 
fest hypermetropia)  is  added,  and  it  is  found  that  with  +  3  D 
he  reads  1  J.  from  8"  to  16";  these  are  ordered.  If  +  2  D  or 
-|-  4  D  of  hypermetropia  had  been  found,  it  might  be  worth 
while  to  order  two  pairs,  one  of  this  strength  for  ordinary  use 
in  distant  vision,  another  with  the  presbyopic  correction  added 
for  use  in  reading,  etc.  In  such  a  case  the  upper  half  of  the 
spectacle  lens  may  be  cut  to  correct  the  hypermetropia  cor- 
rection, the  lower  to  the  total  amount.  This  form  was  in- 
vented by  Franklin,  and  is  called  after  him»  it  is  unsuited  for 
poor  patients  on  account  of  the  expense. 

It  should  be  noted  that  the  f)resbyopic  table  is  calculated 
for  ordering  spectacles  to  bring"  the  patient's  near-point  in 
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reading-  up  to  9"  from  the  eye.  The  range  of  his  vision  will 
depend  on  his  ag-e  and  the  amount  of  accommodative  power 
still  possessed. 

A  fair  number  of  presbj^opic  patients  do  not  require  the 
g-lasses  for  reading-  or  writing  so  near  as  8"-12",  but,  as  in 
the  case  of  carpenters,  musicians,  etc.,  wish  to  see  clearly  at  a 
distance  of  some  18"-24",  or  even  rather  further.  In  these 
cases  the  spectacles  should  be  weaker  than  the  table  would 
indicate,  and  the  patient  s  own  choice  should  be  the  chief  guide. 

To  recapitulate:  1.  In  hypermetropia  without  strabismus 
in  young  subjects  the  full  correction  may  be  ordered  for  near 
vision,  unless  it  is  of  high  or  moderately  high  degree  (+  5  D 
to  +  1-  D);  in  the  latter  case  a  certain  amount  must  be  de- 
ducted, varying  with  the  patient's  accommodative  power.  It 
is  not  necessary  to  use  the  glasses  for  distant  vision. 

2.  In  hj'permetropia  with  strabismus  convergens,  order 
the  full  correction  (deducting  about  +  1  D  from  the  result 
given  by  keratoscopA^.    The  glasses  are  to  be  worn  constantl3^ 

3.  In  m3^opia  the  glass  that  gives  the  best  result  in  distant 
vision  may  be  ordered,  but  not  for  constant  use,  unless  it  is 
— 4  D,  or  under  that  amount.  If  higher  than  that,  deduct 
—  2  D  to  —  4  D  in  ordering  for  near  vision,  and  no  glasses 
need  be  worn  for  this  unless  the  patient  is  in  the  habit  of 
bringing  the  head  nearer  to  the  print  than  9"  or  10"  without 
them.  Always  aim  at  under-correcting  myopia  rather  than 
over-correcting  it. 

4.  In  presbyopia  order  according  to  the  presbyopic  table, 
making  allowance  for  the  patient's  special  requirements  as  to 
working-distance,  and  add  or  deduct  according  as  he  is  hj'per- 
metropic  or  myopic. 

5.  Astig-matism  is  nearly  ahvays  complained  of  before  the 
presbyopic  age,  and  the  best  correcting-glass  is  ordered  for 
near  and  distant  vision,  except  in  high  compound  myopic  as- 
tigmatism. 


CHAPTER  XIII. 

DEFINITIONS   AND   EXPLANATORY   NOTES. 

Blepharospasm — spasmodic  closure  of  the  lids  from  con- 
traction of  the  orbicularis  palpebrarum — is  met  with  in  some 
cases  of  ulcer  of  the  cornea,  foreign  body  either  on  the  cornea 
or  conjunctiva,  and  in  a  milder  degree  in  albinoes,  or  in  myopia 
or  m^^opic  astigmatism. 

Buphthalmos  (ox-ej^e)  is  a  peculiar  disease,  most  allied, 
perhaps,  to  glaucoma,  which  comes  on  in  very  earl}''  life,  affects 
both  eyes,  and  causes  very  gTeat  defect  of  sight.  The  eye  is 
enlarged  in  all  its  diameters,  the  anterior  chamber  very  deep, 
the  cornea  generally  hazy,  the  tension  slightlj^  increased.  Iri- 
dectomy is  of  little  or  no  avail,  but  eserine  is  worth  a  trial. 

Chemosis. —  Inflammatory  swelling  of  the  conjunctiva, 
which  tends  to  protrude  between  the  lids  and  to  overlap  the 
cornea.  It  may  consist  chiefly  of  oedema,  or  may  be  much 
firmer  and  more  solid,  in  which  case  there  is  risk  of  the  cornea 
I)erishing  from  obstruction  to  its  nutrition  through  obstruc- 
tion of  the  blood-vessels.  Mild  examples  are  seen  m  ectropion 
or  complete  facial  paralysis,  sometimes;  severe  ones  in  gonor- 
rhoea! ophthalmia.  Its  treatment  should  be  directed  to  the 
cause,  but  if  very  severe  the  chemosed  parts  may  be  incised 
with  scissors  in  several  parts. 

Cocaine. — To  procure  antfisthesia  of  the  cornea  and  con- 
junctiva, droj)  in  a  freshly  prepared  solution  of  the  pure  salt 
(2  per  cent  in  boracic  solution  or  distilled  M^ater)  two  or  three 
times,  at  intervals  of  three  or  four  minutes.  Slight  smarting 
is  felt  at  first,  the  amount  varying  apparently  with  different 
individuals.  This  method  is  suitable  before  cataract  extrac- 
tion, iridectomy,  etc.  Cocaine  does  not  render  the  iris  insensi- 
tive, but  produces  some  dilatation  of  the  pupil  and  loss  of 
accommodation,  with  slight  widening  of  the  palpebral  fissure, 
and   contraction   of  the  superficial  blood-vessels,  due  to  its 
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stimulating  the  sympathetic  (Jessop).  One  great  use  of  co- 
caine is  in  the  removal  of  foreign  bodies  from  the  cornea. 

Coloboma  of  Iris. — An  aperture  or  deficiency  in  one  part 
of  the  iris,  which  may  he  the  result  of  an  iridectomy,  or  may 
be  congenital.  If  the  latter,  it  is  usually,  hut  not  always, 
synunetrical,  and  is  situated  at  the  lower  part  of  the  iris  (this 
being  the  last  part  of  the  iritic  circle  to  close  in  its  develop- 
ment). It  may  only  involve  the  pupillary  margin,  and  alwaj'S 
becomes  narrower  toward  the  ciliary  margin.  Sometimes 
there  is  a  corresponding  coloboma  of  the  choroid,  seen  by  the 
ophthalmoscope  as  a  white  patch  of  exposed  sclerotic;  but 
this  is  much  rarer  than  the  cases  of  congenital  cleft  in  the  iris. 

Dioptre. — Dioptric  System. — The  unit  of  measurement  in 
this  system  is  a  lens  with  focal  lengtth  of  1  metre  =  40  inches. 
Two  dioptres  =  a  lens  of  20"  focal  length;  three  dioptres 
=  13";  four  dioptres  =  10",  and  so  on.  To  convert  a  measure- 
ment in  dioptres  to  one  in  inches  simply  divide  the  numeral 
given  into  40.  A  dioptre  is  expressed  by  the  capital  D  with 
the  +  or  ~  sign  before  it,  according  as  the  lens  is  convex  or 
concave.  To  be  consistent  with  the  dioptric  system,  the  dis- 
tant vision  should  be  reckoned  in  metres;  thus  /g  implies  that 
the  patient  onl^^  reads  at  six  metres'  distance  the  letters  a 
normal  eye  would  read  at  thirty-six  metres,  and  so  on.  Six 
metres  is  just  about  twenty  feet,  and  jVo  is  verj'-  nearly  the 
same  as  /g  in  stating  the  vision.  The  old  feet-measurements, 
from  %^  (perfect  vision)  up  to  3%%,  are  still  much  used,  and 
there  is  little  difficult}'  in  converting  terms  of  the  one  system 
to  those  of  the  other. 

Epicanthus. — A  congenital  redundancy  of  skin  over  the 
upper  part  of  the  nose,  which  projects  on  either  side  in  a  fold 
which  more  or  less  conceals  the  inner  angles  of  the  palpebral 
fissure.  If  very  pronounced  a  medial  piece  of  the  skin  may  be 
excised,  and  the  wound  sutured,  but  as  a  rule  no  treatment  is 
required. 

Field  of  Vision. — The  farther  awaj^  from  the  macula  that 
an  image  is  formed  on  the  retina,  the  less  distinct  does  it  be- 
come to  the  patient :  and  thus,  when  looking  fixedly  forward 
with  one  eye  (the  other  being  covered)  an  object  moving'  hori- 
zontally or  verticall}'  is  only  distinguished  up  to  a  certain  dis- 
tance from  the  fixation-point.  To  register  accurately  the 
field,  a  perimeter  must  be  used,  small  squares  of  white  and 


434  Aids  to  Ophthalmic  Medicine  and  Surgery. 

colored  paper  being-  employed  in  it.  The  normal  field  for 
white  (squares  about  one  centimetre  in  size  being  used)  is  oval 
in  shape,  and  extends  about  65°  upward,  inward,  and  down- 
ward, about  100°  outward  from  the  fixation-point.  The  fields 
for  blue,  yellow,  red,  and  green  are  progressively  smaller  in 
the  order  named.  It  may  be  noted  that  the  two  smallest 
fields,  red  and  green,  are  the  ones  which  show  most  defect  in 
tobacco  amaurosis,  and  several  other  retinal  and  optic-nerve 
diseases. 

Without  a  perimeter,  the  field  may  be  roughly  estimated 
by  making  the  patient  stand  with  his  back  to  the  light,  cover 
one  eye,  and  fix  the  surgeon^s  nose  with  his  other  one,  while  a 
mounted  square  of  paper  is  moved  away  from  the  fixation- 
point  in  all  directions,  the  patient  giving  the  word  when  it 
goes  out  of  sight.  In  this  experiment  the  surgeon  faces  the 
patient  at  a  distance  of  about  eighteen  inches,  and  makes  the 
patient  continue  to  look  at  the  fixation-point. 

Narrowing  of  the  field  is  observed  in  cases  of  glaucoma, 
retinitis  pigmentosa,  atrophy  of  the  optic  nerve,  and  some 
other  forms  of  retinal  and  choroidal  disease. 

Hypopyon. — The  presence  of  pus,  or  puro-lymph,  in  the 
anterior  chamber.  A  3'ellowish-white  crescent  at  the  lower 
part  of  the  chamber  is  seen;  it  may  be  the  result  of  iritis 
(rarel3')>  or  of  ulceration  of  the  cornea  (especially  the  serpig- 
inous form),  or  of  penetrating  wound.     (See  Fig.  2.) 

Treatment. — Hot  boracic  or  belladonna  fomentations.  If 
these  fail,  let  out  the  pus  by  means  of  a  needle  introduced  just 
in  front  of  the  sclero-corneal  margin. 

Nebula  of  the  Cornea. — The  white  opacity'-  of  the  cornea 
left  by  previous  ulceration,  or  b^^  interstitial  keratitis.  Like 
other  scars,  it  is  very  slow  to  disappear,  and  often  a  very  faint 
nebula  accounts  for  considerable  defect  of  vision,  especially  in 
the  distance.  A  stimulating  ointment  (yellow  oxide  of  mer- 
cury, four  to  eight  grains  in  the  ounce)  seems  to  hasten  the 
absorption  of  recent  opacities,  though  little  or  no  improve- 
ment can  be  looked  for  in  the  case  of  old  ones. 

If  an  old  nebula  or  leucoma  is  \QY-y  conspicuous,  the  opera- 
tion of  tattooing  is  sometimes  performed.  A  needle,  charged 
with  liquid  Indian  ink,  is  thrust  into  the  leucoma  at  a  number 
of  points,  and  thus  the  scar  rendered  black  and  less  easily  de- 
tected. 
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Prop^os/5.— Protrusion  of  the  entire  globe.  It  is  one  of 
the  symptoms  of  exophthahnic  g-oitre,  and  is  also  met  with  in 
cases  of  *'  pulsating  orbital  tumor,"  or  orbital  sarcoma. 

Ptosis. — Drooping  of  the  upper  lid.  Ma^'  be  congenital,  or 
may  be  due  to  paralysis  of  the  levator  palpebree.  Is  a  fre- 
quent s^nuptom  of  locomotor  ataxia,  in  which  case  one  or 
other  of  the  oculo-motor  muscles  is  often  paralyzed  at  the 
same  time.  This  form  is  nearly  always  temporary,  the  paral- 
ysis clearing  off  or  much  improving — especially  under  treat- 
ment with  iodide  of  potassium.  In  old  people  ptosis  some- 
times comes  on  with  marked  laxity  of  the  lid;  it  is,  as  a  rule, 
of  only  slight  degree.  In  these  cases,  and  for  congenital  ptosis, 
an  operation  (excision  of  an  oval  fold  of  skin  from  the  upper 
lid)  may  be  required. 

Pterygium  or  Pterygion. — A  small  triangular  growth  of 
conjunctiva  invading  the  surface  of  the  cornea,  and  generally 
following  slight  ulceration.  It  is  a  rare  con- 
dition, and  may  be  treated  by  dissecting  off 
the  corneal  part,  and  then  turning  in  and  fix- 
ing with  a  suture  its  apex. 

Staphyloma. — A  bulging  of  some  part  of 
the  cornea,  Or  sclerotic.  If  of  the  latter  at 
the  posterior  pole  of  the  eye  (around  and  to 
the  outer  side  of  the  optic  disc),  it  is  called 
posterior  staph3doma,  and  is  met  with  in  high 
mj'opia.  It  is  recognized  with  the  ophthal- 
moscope by  the  whitish  crescent  seen  "at  the 
margin  of  the  disc.  If  of  the  cornea,  or  at 
the  ciliary  region,  it  is  called  anterior  staphy- 
loma, and  may  be  the  result  of  inflammatory 
changes  (cyclitis,  ulceration,  purulent  oph- 
thalmia), or  of  severe  wounds  or  operations. 

Synechia. — Adhesion  of  the  iris  to  the  cornea  (anterior 
synechia)  or  to  the  lens  (posterior  synechia). 

Tension  of  the  Eye. — Is  made  out  by  the  surgeon  standing 
in  front  of  the  patient,  who  looks  down,  b3'-  pressing  gently 
with  the  two  fore-fingers  through  the  closed  lid.  Pressure 
should  be  made  directl^^  downward,  and  the  two  eyes  carefully 
compared.  If  the  sclerotic  cannot  be  indented  b}''  moderate 
pressure,  the  tension  is  said  to  be  -j-  3;  if  the  eye  is  harder 
than  normal,  but  can  still  be  indented,  the  signs  +  1  and  +  3 
11—29 


Fig.  30.  —  Anterior 
staphyloma  with  s\-ue- 
chia. 
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are  used :  T— 1;  —  2  or— 3  meaning-  different  degrees  of  low- 
ered tension.  The  latter  is  met  with  in  eyes  lost  from  old  in- 
flammatory changes,  in  extreme  myopia,  after  wound  or  rup- 
ture of  the  cornea  or  sclerotic,  etc.  Increased  tension  occurs 
in  acute  and  chronic  glaucoma,  in  some  cases  of  iritis,  and  of 
intra-ocular  tumors.  Slight  variations  in  eyeball  tension  may 
occur  rapidly,  and  sometimes  a  glaucomatous  eye  becomes  of 
normal  tension  with  the  lapse  of  time,  although  its  condition 
has  not  improved  at  all  as  regards  vision. 
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CHAPTER   I. 

AUTHORS  PREFACE. 


The  first  edition  of  this  text-book  was  issued  in  1885,  as  a  re- 
print from  the  ]^ordiskt  Medicinskt  Arkiv.  The  increased  size 
of  this  new  edition  is  partly  due  to  the  addition  of  an  intro- 
duction to  the  microscopic  investigation  of  bacteria ;  but  the 
active  development  of  bacteriology  in  the  last  few  years  has 
also  necessitated  a  re-elaboration  and  extension  of  all  of  the 
chapters. 

In  the  work,  I  have  had  two  objects  in  view:  the  prepara- 
tion of  an  outline  adapted  to  bacteriological  courses  for  phy- 
sicians and  veterinar^^  surgeons,  and  a  guide  for  those  who  are 
obliged  to  take  up  the  subject  at  home  without  the  assistance 
of  an  instructor,  j'^et  wish  to  carry  out  for  themselves  the 
fundamental  experiments  which  are  most  important  for  path- 
ology- and  hj'giene.  I  have,  therefore,  not  attempted  to  give 
an  exhaustive  presentation  of  the  entire  technology-  of  the 
subject,  but  rather  to  describe  the  simplest  and  most  easily 
managed  apparatus  and  methods,  so  that  the  equipment  of  a 
home  laboratory  need  not  appear  too  expensive;  while  I  have 
tried  to  describe  these  in  a  sufficiently  elementar3"  and  detailed 
manner. 

Those  who  wish  a  more  comprehensive  treatise,  are  re- 
ferred to  the  last  edition  of  Hueppe's  "Methoden  der  Bakte- 
rienforschung  "  (Wiesbaden,  1889).  C.  J.  S. 

TRANSLATORS  PREFACE. 

So  many  works  on  bacteriology  are  now  accessible,  that  a 
new  one  must  possess  decided  merit  to  justify-  its  appearance. 


4J.O  Bacteriological    TccJinology. 

The  scope  of  the  present  httle  vokime  is  such  as  to  satisfy 
me  that  it  should  fill  a  place  as  yet  vacant;  and  the  careful 
treatment  of  the  subject  gives  rise  to  the  hope  that  it  may 
find  a  larger  field  of  usefulness  in  the  English  language  than 
could  be  possible  while  it  was  confined  to  the  less-used  Danish. 
The  physician  who  wishes  to  read  a  well- written  account  of 
the  more  important  pathogenic  bacteria,  is  further  referred 
to  Fraenkel's  "  Bakterienkunde."  The  fullest  and  most  reliable 
attempt  at  a  bacteriological  flora,  is  to  be  found  in  Fluegge's 
"  Fermente  und  Mikroparasiten,"  which  contains  much  addi- 
tional information. 

W.T. 

STERILIZATION. 

Bacteriological  technology  must  in  the  first  place  put 
means  in  our  hands  for  separating  the  different  kinds  of  bac- 
teria from  one  another,  and  cultivating  each  species  in  a  state 
of  complete  purity-.  Pure  cultivation  is  a  necessar^^  condition 
for  a  trustworthy  studj^  of  the  morphology  and  physiology 
of  these  microscopic  organisms.  Unless  one  has  this  con- 
stantly in  mind  during  his  work,  he  is  certain  to  end  in  sad 
confusion;  and  the  short  history  of  bacteriology^  is  onh^  too 
full  of  worthless  investigations  and  wrong  results,  which  are 
to  be  attributed  to  the  untrustworthiness  of  the  methods  em- 
ployed. 

It  is  well  known  that  the  pure  cultivation  of  a  single  kind 
of  bacteria  is  surrounded  by  quite  peculiar  difficulties,  due  to 
the  extreme  smailness,  the  large  numbers,  and  the  extraordi- 
nary distribution,  one  might  almost  say  omnipresence,  of  bac- 
teria. Everything  which  is  allowed  to  stand  uncovered  in  the 
air  for  a  short  time  is  likely  to  receive  spores  capable  of  ger- 
mination, which  fall  on  its  surface  with  the  dust.  Every  con- 
tact with  hands  or  clothing  is  attended  svith  the  same  danger. 
We  must  learn  first  of  all  to  meet  and  control  this  accidental 
and  invisible  source  of  contamination,  for  it  is  self-evident  that 
all  vessels,  instruments,  fluids,  etc.,  which  are  to  be  used  in 
cultures  must  be  clean,  not  only  in  the  sense  in  which  chemists 
use  the  word,  but  also  in  the  bacteriological  sense,  or  sterile, 
that  is,  free  from  living  germs. 

Heat  is  the  most  generally  used  means  of  sterilization,  but 
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it  must  be  used  in  different  ways,  and  of  different  degrees, 
according-  to  the  nature  of  the  material  to  be  sterilized,  a 
platinum  needle,  for  example,  is  best  sterilized  by  heating  it 
to  incandescence  directly  in  the  flame;  but  a  knife  blade,  or  a 
pair  of  scissors,  can  clearly  not  be  heated  to  this  point.  These 
can  only  be  '*  flamed,"  that  is,  drawn  slowly  back  and  forth 
through  the  flame,  until  one  is  sure  that  all  of  their  surface 
has  been  heated  to  at  least  200°  C,  so  that  any  germs  have 
been  burned. 

But  it  is  only  exceptionally^  that  glowing  or  flaming  can  be 
employed.  If  one  has  to  deal  with  glass-ware,  metallic  arti- 
cles, cotton,  paper,  etc.,  these  are  most  frequently  sterilized  in 
air  heated  to  about  150°  C.  In  the  preparation  of  most  fluid 
and  solid  culture-media,  one  can  most  rapidlj"-  and  surely 
reach  the  desired  end  by  the  help  of  a  Papin  digester,  an 
"autoclave,"  in  which  the  sterilization  is  effected  b}^  steam 
under  pressure,  at  110  to  120°  C;  or  one  contents  himself  with 
using  the  boiling  temperature,  either  by  directly  cooking  the 
substance,  or  by  heating  it  to  100°  C,  or  about  that  point,  by 
the  aid  of  streaming  steam.  Occasionally,  however,  one  may 
have  to  use  a  temperature  lower  than  this  (60  to  70°  C),  to 
kill  germs,  for  instance  where  serum  is  used.  In  some  cases 
filtration  and  disinfecting  solutions  are  used  as  means  of  ster- 
ilizing. 

The  entire  collection  of  instruments  needed  for  sterilizing, 
the  apparatus  and  culture-media  to  be  used  in  the  investiga- 
tions that  we  shall  describe,  are,  in  addition  to  a  common 
Bunsen  gas  burner  (or  alcohol  lamp),  the  following : 

1.  A  sterilizing  oven  in  which  articles  made  of  glass  and 
metal,  cotton,  paper,  etc.,  are  heated  to  about  150°  C,  by  means 
of  hot  air. 

For  this  purpose  one  uses  in  the  laboratory  a  double-walled 
sheet-iron  box  30  cm.  high,  35  cm.  broad,  and  23  cm.  deep,  with 
a  tube  in  the  top  for  inserting  a  thermometer,  a  door  in  the 
side,  and  with  a  loose  middle  piece  in  the  bottom  against 
which  the  large  gas  jet  constantly  plays,  and  which  conse- 
quently will  burn  through  after  long  use,  when  it  is  only 
necessary  to  put  in  a  new  piece  of  iron. 

One  can  usually  get  along  with  less  expense  by  making  a 
serviceable  sterilizing  oven  (Figs.  1,  2)  of  one  of  the  common 
cracker  boxes  (about  24  cm.  high,  22  cm.  wide,  and  24  cm. 
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deep)  to  be  obtained  cheaply  of  any  grocer.  In  the  cover  a 
round  hole  is  to  be  cut  in  which  a  bored  cork  is  fitted  to  carry 
a  thermometer,  registering  to  200°  C.  For  ventilation,  a  small 
hole  is  punched  in  each  of  the  four  side-walls  close  to  the  top 
and  bottom.  In  the  box  is  set  a  four -sided  piece  of  strong 
sheet-iron,  with  the  sides  bent  down  so  as  to  hold  it  about 
2  cm.  from  the  bottom,  so  that  the  objects  to  be  sterilized  will 
not  come  into  nnmediate  contact  with  the  latter.  The  box  is 
inclosed  m  a  substance  which  is  a  poor  conductor  of  heat,  felt 
being  usually  chosen.     One  piece  covers  the  lid,  and  is  perfor- 


FlG.   1. 


Fig.  2. 


Figs.  1  and  2.— Oven  for  sterilization  at  150°  C,  formed  of  a  cracker  box  surrounded 
with  felt  and  provided  with  thermometer  and  support  of  iron  netting. 


ated  for  the  passage  of  the  cork  and  thermometer.  Another 
piece  is  chosen  long  enough  to  be  wrapped  around  the  four 
sides  of  the  box  and  wide  enough  to  cover  the  upper  three 
quarters  of  these,  excepting  a  small  space  where  the  air-holes 
occur.  The  lowermost  quarter  is  best  left  uncovered  to  avoid 
scorching  or  burning  the  felt.  This  strip  of  felt  is  fastened 
simply  by  tymg  around  it  tightly  a  few  pieces  of  cord  or  wire. 
The  box  is  set  on  one  or  two  of  the  common  iron  tripods,  such 
as  are  used  in  chemical  laboratories,  and  is  heated  by  one  or 
more  gas  burners.  Between  these  and  the  bottom  of  the  box, 
a  loose  piece  of  sheet-tin  can  be  placed  to  prevent  burning 
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throug-h  the  bottom.  If  gas  is  not  at  hand,  a  small  oil  stove 
with  one  or  two  burners  can  be  used. 

In  comparison  with  the  larg-er  and  more  expensive  ovens 
provided  with  ventilators  and  thermo-regulator,  this  primitive 
apparatus  offers  some  inconveniences,  but  these  do  not  count 
for  much  in  comparison  with  its  perfect  usefulness  and  ex- 
treme cheapness. 

Care  must  be  taken  to  guard  the  sterilized  objects  from 
fresh  contamination  when  they  are  taken  out  of  the  sterilizer. 
Vessels  which  are  guarded  from  the  penetration  of  germs,  by 
cotton  plugs  or  otherwise,  when  it  is  not  especially  important 
to  keep  the  outside  free  from  germs  {e.g.,  flasks  and  test-tubes) 
can  simph'  be  taken  from  the  oven  after  they  have  been  heated 
to  150°  C  for  half  an  hour  or  an  hour,  and  set  aside  without  any 
other  precaution  than  covering  or  wrapping  them  up  in  paper 
to  prevent  them  from  becoming  very  dusty.  But  objects 
which  must  be  perfectly  sterilized,  such  as  w^atch-glasses, 
slides,  large  glass  plates,  etc.,  must  be  carefully  wrapped  in  a 
couple  of  thicknesses  of  thin,  firm  paper  before  they  are  put  in 
the  oven.  Germs  from  the  air  cannot  pass  through  this,  and 
the  objects  can  thus  be  kept  satisfactorily  sterile  for  a  long 
time.  It  is  well  to  wrap  each  object  in  several  layers  of  thin 
paper,  and  then  to  wrap  these  in  larger  parcels. 

Paper  and  cotton  should  be  kept  as  far  as  possible  from 
the  bottom  of  the  oven  to  prevent  them  from  becoming 
charred  by  long  heating.  Paper  and  cotton  (but  not  absorb- 
ent cotton)  assume  a  yellowish-brown  color  after  being  kept  at 
from  140°  to  150°  C.  for  a  long  time,  and  this  discoloration  con- 
sequently shows  that  the  heat  in  the  sterilizing  oven  has  been 
sufficient  even  without  the  testimony  of  a  thermometer. 

2.  The  Steam  Sterilizer  of  i^oc/i.— Sterilization  at  the  boil- 
ing temperature  can  evidently  be  effected  by  cooking  in  water, 
but  since  this  method  is  not  only  inapphcable  in  many  cases, 
but  always  more  laborious  and  unreliable  than  sterilization 
by  streaming  steam  as  introduced  by  Koch,  the  latter  is  now 
the  principal  method  used  when  it  is  desired  to  sterihze  at 
100°  C. 

It  will  be  remembered  that  two  advantages  are  gained  by 
this :  the  heat  penetrates  rapidly  into  the  objects  to  be  steril- 
ized, and  steam  of  this  temperature  (99°  to  100°  C.  according 
to  altitude)  sterilizes  much  more  rapidly  than  atmospheric  air 
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of  the   same  or  a   much   higher  temperature,  probably   for 
chemical  reasons. 

The  partly  diag-rammatic  illustration  shows  the  Koch  steam 
apparatus  of  a  simple  and  cheap  form.     It  consists  of  a  tin 


Fig.  3. 


Fig.  4. 


Figs.  3  and  4.— Koch  cylinder  in  its  simplest  form,  with  two  tin  shelves  and  pails.  A, 
Hook  for  suspending  long  objects  ;  fi,  tin  pail  with  sieve-bottom,  containing  plugged  test- 
tubes  ;  C,  tin  cylinder  for  elongating  the  apparatus. 

cyhnder  50  cm.  high  and  17  cm.  in  diameter,  and  is  provided 
with  a  small  glass  tube  (a)  fastened  by  rubber  tubing  in  wiiich 
the  height  of  the  water  can  be  seen  from  the  outside.  The 
absolute  size,  as  well  as  the  proportion  between  the  height 
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and  diameter,  can  naturally  be  varied  within  wide  limits  and 
the  distance  between  the  shelves  is  to  be  adajoted  to  the 
height  of  the  apparatus,  etc.,  that  are  to  be  most  frequently 
sterilized.  The  bottom,  which  is  to  be  exposed  to  the  action 
of  the  flame,  is  preferably  made  of  somewhat  thicker  tin  than 
the  sides.  The  top  of  the  apparatus  is  closed  b}-  a  conical  lid 
(6)  the  centre  of  which  is  pierced  by  a  short  tube  (c)  for  the 
reception  of  a  cork  and  thermometer.  The  lid  and  the  side 
walls,  to  within  9  cm.  of  the  bottom,  are  usually  covered  with 
felt,  though  this  is  not  absolutely  necessarj^  Within  the 
cylinder,  at  a  distance  of  14  and  30  cm.  from  the  bottom,  are 
placed  projecting  ledges,  on  which  can  be  placed  two  loosely 
fitting  shelves  of  heavy  tin  perforated  with  large  holes  {dd). 
These  serve  to  support  tin  pails  (ee)  about  12  cm.  high  and  14 
cm.  in  diameter,  the  bottom  of  which  is  best  made  of  Avide- 
meshed  galvanized  iron  netting-  (Fig.  4,  B).  These  hold  the 
objects  to  be  sterilized,  e.g.,  test-tubes  plugged  with  cotton 
in  the  figure.  When  it  is  to  be  used,  the  apparatus  is  placed 
on  a  tripod  {j)  of  stout  strap-iron.  The  pails  are  taken  out 
and  the  cylinder  is  filled  with  water  to  a  depth  of  about  10 
cm.  The  pails  with  their  contents  having  been  set  in  and  the 
lid  with  its  thermometer  put  in  place,  the  water  is  heated  to 
the  boiling  point.  After  some  time  steam  will  escape  freelj^ 
around  the  loosely-fitting  lid,  and  the  thermometer  will  also 
show  about  100°  C,  after  which  the  objects  are  left  in  this 
streaming  steam  for  a  longer  or  shorter  time  (as  a  rule, 
twenty  minutes),  the  time  being  counted  from  the  moment 
when  the  thermometer  indicates  100°  C.  (or  the  steam  begins 
to  escape  freel}').  Most  objects  which  are  to  be  sterilized  by 
steam  can  be  set  on  the  tin  shelves  without  difficulty.  Long'er 
objects  can  be  hung  in  the  apparatus  after  the  pails  and 
shelves  have  been  removed.  This  is  most  easily  done  by  using 
a  piece  of  stout  brass  wire,  bent  and  brought  into  the  opening* 
of  the  lid  (Fig.  4,  A). 

The  apparatus  can  be  lengthened  when  this  is  necessary 
by  using  a  tin  cylinder,  with  a  projecting  collar  near  its  base 
(Fig.  4,  DC)  to  be  inserted  between  the  lid  and  the  top  of  the 
cjiinder.  A  stop-cock,  near  the  bottom,  for  drawing  off  the 
water,  increases  the  expense  of  the  apparatus  somewhat,  but 
adds  to  its  convenience.  Moreover,  one  can  easily  form  such  a 
steam  sterilizer  from  a  common  kitchen  pot.     It  is  only  neces- 
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sary  to  fit  to  it  a  tin  cylinder  open  at  the  bottom,  and  fur- 
nished with  a  lid  and  felt  covering-,  but  it  is  essential  to  pro- 
vide this  cylinder  with  a  projecting  collar  at  a  couple  of 
centimetres  from  the  bottom,  by  which  it  rests  on  the  edge  yf 
the  pot;  and  it  is  best  to  provide  it  with  a  couple  of  rings,  by 
which  the  cylinder  may  be  tied  to  the  ears  of  the  pot. 

A  word  of  explanation  should  be  offered  for  the  omission 
of  the  Papin  digester  in  speaking  of  necessary  apparatus  for 
sterilization.  There  are,  indeed,  bacillus  spores  which  are 
able  to  survive  a  cooking  for  several  hours  in  water  or  free 
steam,  while  they  are  killed  after  a  few  moments'  heating  to 
120°  C.  m  the  digester,  consequently  this  is  the  only  apparatus 
in  which  one  can  rapidly  and  surel3^  effect  sterilization  by  a 
single  attempt.  Still  it  is  a  very  expensive  piece  of  apparatus, 
which  is  the  only  reason  that  it  has  been  omitted.  Koch's 
steam  cylinder,  on  the  other  hand,  is  very  simple,  cheap,  and 
efficient  when  it  is  used  with  care.  As  a  rule  the  spores  of 
bacilli  which  always  get  into  our  culture  media,  from  water, 
the  air,  etc.,  are  not  so  resistant  as  those  which  have  been 
mentioned.  Generally,  streaming  steam  at  100°  C.  will  kill 
them,  and  experiments  from  a  large  number  of  bacteriological 
laboratories  have  long  since  shown  the  adequacy  of  Koch's 
apparatus.  However,  in  the  preparation  of  his  culture  appar- 
atus one  must  always  have  in  mind  that  some  very  resistant 
form  may  have  escaped  destruction  in  the  steam,  and  must 
make  sure  of  absolute  freedom  from  germs  in  his  culture 
media  by: 

a.  Cleanliness  in  the  preparation.  It  is  not  sufficient  to 
trust  to  the  final  sterilization  of  the  materials,  but  at  everj^ 
step  of  the  preparation  one  should  work  cleanly,  to  lessen  the 
chances  of  resistant  germs  entering. 

h.  Discontinuous  Heating. — This  method  was  first  applied 
by  Tyndall  in  1877  for  the  sterilization  of  hay  infusion,  which 
is  known  to  contain  some  of  the  most  resistant  bacillus  spores, 
the  extraordinary  vitality  of  which  renders  it  impossible  to 
sterilize  this  substance  even  b^^  cooking  it  for  some  minutes 
(c/.  Chapter  IV.,  Section  2).  Tyndall  reached  his  method  of 
sterilizing  by  the  following  train  of  thought :  When  a  haj^ 
infusion  has  been  boiled  for  some  minutes  all  of  the  rod-shaped 
bacilli,  unable  to  endure  this  treatment,  are  dead,  while  the 
spores  of  bacilli  (more  exactly,  of  some  of  them)  are  still  alive. 


Bacteriological    Technology.  447 

If  now  all  of  these  surviving-  spores  are  g-iven  time  to  germi- 
nate and  the  infusion  is  again  cooked,  it  will  be  completely 
sterilized,  because,  when  it  is  heated  it  contains  no  spores  but 
only  rods.  However,  as  one  cannot  be  sure  that  all  spores 
have  germinated  at  the  same  time,  this  process  must  usually 
be-repeated  several  times.  Hence  it  is  recommended  to  submit 
the  filled  culture  apparatus  to  steaming-  twice,  with  a  day  in- 
tervening. This  is  especially  important  for  those  culture 
media  which,  like  g-elatin,  bear  only  a  short  cooking. 

c.  Waiting  and  Watching. — For  g-reater  certain tj^  the 
materials  treated  in  this  way  are  allowed  to  stand  for  some 
time  before  they  are  used,  so  that  one  may  be  sure  that  they 
contain  nothing  capable  of  g-ermination.  If  they  are  placed 
in  the  thermostat  at  about  30°  C,  a  delay  of  a  couple  of  days 
maj'^  be  looked  on  as  sufficient. 

3.  Water  Bath  for  Sterilizing  at  Tempeixitures  heloiv  the 
Boiling  Point. — Various  fluids  will  not  bear  being  sterilized  at 
100°  C,  because  at  so  high  a  temperature  they  underg-o  chem- 
ical changes  which  it  is  wished  to  avoid  for  one  reason  or 
another.  In  such  cases  the  short  exposure  to  a  high  temper- 
ature can  be  replaced  \)j  long-  maintenance  at  a  lower  tem- 
perature, until  no  germ  capable  of  growth  remains  in  the 
fluids.  This  method  was  discovered  b}'  Pasteur,  and  by  his 
advice  applied  on  a  large  scale  in  the  fabrication  of  wine 
("  Pasteurization  ")  to  secure  sterilization  of  the  wines  without 
at  the  same  time  injuring  their  qualit3\  In  what  follows  we 
shall  make  use  of  the  preparation  of  blood  serum  according  to 
Koch's  directions.  Rather  complicated  and  expensive  appar- 
atus is  often  used  for  this,  but  one  can  g-et  along-  very  well 
with  a  simple  cylindrical  water-bath  made  of  tin,  such  as 
Koch  himself  used  in  his  first  preparations.  The  tin  receptacle 
(Fig.  5)  is  22  cm.  hig-h,  and  13  cm.  in  diameter.  At  the  top  it 
is  provided  with  a  collar  1.5  cm.  broad.  A  piece  of  fine-meshed 
flexible  g-alvanized  iron  netting  («)  serves  as  a  lid,  and  is  fast- 
ened by  bending  its  edges  under  the  collar.  The  temperature 
of  the  water  is  read  ofl"  on  the  thermometer  {h)  which  projects 
through  a  hole  in  the  lid.  The  bulb  of  the  thermometer  is 
held  up  several  centimetres  above  the  bottom  of  the  cylinder, 
by  another  loose  piece  of  wire  cloth  (c)  resting  upon  its  edges, 
which  are  bent  down;  when  the  water  has  reached  a  suitable 
temperature,  usually  60°  to  70°  C,  it  is  easy  to  hold  it  at  about 


448 


Bacteriological    Technology. 


the  same  point  for  a  long-  time,  e.g.,  a  couple  of  hours,  by  the 
use  of  a  small  gas  or  alcohol  flame.  Though  a  range  of  a  few 
degrees  can  usually  be  allowed,  it  is  best  to  keep  the  tempera- 
ture under  observation.  Further  directions  for  the  prepara- 
tion of  serum  arc  given  later. 

4.  Porcelain  Filters.— 'Kven  a  slight  heating  often  causes 
in  the  culture  fluid  chemical  changes  which  it  may  be  import- 
ant to  avoid.  In  such  cases  the  germs  have  been  removed  by 
filtration  through  burnt  clay  (Klebs),  plaster  (Pasteur  and 
Miquel),  porcelain  (Chamberland),  or  sheet  asbestos  (Hesse), 


Fig.  5. 


Fig.  6. 


Fig.  5.— Water-bath  for  Sterilization  at  Lower  Temperatures. 

Fig.  G.—A,  Chamberland  Filter  (X  1/6);  B,  bulb-pipette  for  collecting  the  contents  of 
the  filter;  E,  small  porcelain  filter  (x  1/6);  F,  reservoir,  which  can  also  be  used  as  a  cul- 
ture-vessel ;  C  and  D  are  explained  in  the  text. 

which  keep  back  all  of  the  cells  contained  in  the  fluid.  As 
filtration  plays  a  prominent  part  in  the  separation  of  bacteria 
from  their  soluble  products,  we  shall  here  dwell  somewhat 
more  fully  on  the  use  of 

Chamberland' s  Filter. — This  consists  of  a  hollow  porcelain 
cylinder  (Fig.  6  A),  which  is  closed  at  the  bottom  and  at  the 
upper  end  provided  with  a  funnel-shaped  glazed  end-piece, 
over  which  a  rubber  tube  can  be  pushed.  The  filter  is  im- 
mersed in  the  fluid  to  be  sterilized  and  the  upper  (open)  end  is 
connected  Avith  some  kind  of  aspirator.     If  the  fluid  to  be  fll- 
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tered  is  in  too  great  quantity  to  be  contained  in  the  cavity  of 
tlie  filter,  another  receptacle  is  inserted  between  the  aspirator 
and  filter.  An  ordinary  wash-bottle  (Fig-.  7)  can  be  used  for 
this  purpose;  and  when  the  fluid  to  be  sterilized  is  not  too 
hard  to  filter,  a  common  bottle  aspirator  (Fig.  7,  a)  can  be 
employed.  The  details  of  the  process  are  then  as  follows: 
The  open  end  of  the  filter  is  closed  b^'  a  plug  of  cotton  batting. 
It  IS  then  w^rapped  in  paper  and  sterilized  at  150°  C.  The  open 
ends  of  both  tubes  of  the  wash-bottle  are  plugged  with  cot- 
ton, wrapped  in  paper  and  sterilized  with  the  filter,  as  is  the 
plugg-ed  wash-bottle.     The  rubber  stopper  of  the  latter  (bored 


Fig.  7.— Chamberland  Filter  set  up  for  use,  with  Aspirator  and  Wash-bottle  Reservoir. 


with  two  holes  for  the  tubes),  and  the  two  pieces  of  firm-walled 
rubber  tubing-  for  connecting  the  fiask  with  the  filter  and  the 
aspirator,  must  be  sterilized  in  some  other  manner.  They  are 
first  laid  for  fifteen  minutes  in  a  yV  per  cent  sublimate  solu- 
tion, rinsed  in  sterilized  distilled  water,  plugged  with  cotton 
that  has  been  previously  sterilized  by  dry  heat,  and  after 
wrapping  in  paper  they  are  steamed  for  fifteen  minutes.  After 
this  has  been  done,  the  filter  is  put  together  as  rapidly  as  pos- 
sible, and  with  the  ulmost  cleanliness,  the  fingers  being  first 
w' ashed  in  sublimate.  The  glass  tubes  are  fixed  in  the  rubber 
stopper,  and  this  is  fitted  to  the  wash-bottle  after  removing 
the  plug  from  the  latter  with  sterilized  forceps.     The  long; 
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tube  is  then  joined  to  the  filter  by  one  piece  of  rubber  tubing- 
after  removal  of  its  cotton  plug-.  The  only  plug-  left  in  place 
is  that  at  *  of  Figure  7.  The  entire  apparatus  is  now  steamed 
for  ten  minutes,  after  which  it  can  be  used.  For  additional 
safety,  it  is  usually  customary  after  the  last  sterilization  to 
bind  the  rubber  tubing  fast  to  the  filter  and  glass  tubes  by 
cord,  or  better  still  by  previously  glowed  coarse  brass  wire, 
which  is  tightly  wound  by  the  use  of  pliers. 

If  instead  of  the  common  wash-bottle,  a  so-called  Pasteur 
flask,  made  entirely  of  glass,  is  used  (c/.  Chapter  XI.),  the  pre- 
parations for  filtering  are  very  much  simplified.  It  is  also 
evident  that  if  an  autoclave  is  at  hand  the  preparatory  steril- 
ization, as  well  as  the  rapid  and  careful  setting  up  of  the 
apparatus  can  be  dispensed  with.  Without  any  especial  pre- 
cautions the  glass  and  rubber  parts  can  be  joined  and  then 
sterilized  in  a  few  moments  at  120°  C. 

Figure  7  shows  the  apparatus  in  use.  The  filter  is  im- 
mersed in  a  relativel^^  narrow  glass  cylinder,  which  contains 
the  fluid  to  be  filtered,  as  this  sinks  in  the  glass  it  is  tipped  so 
as  to  use  all  of  the  filtering  surface  and  to  prevent  air  from 
being  sucked  through,  though  this  is  also  sterilized  in  the  pas- 
sage through  the  filter.  The  simple  aspirator  (a)  is  sufficient, 
when  one  has  not  to  deal  with  fiuids  that  are  hard  to  filter. 
The  bubbling  of  air  back  through  the  aspirator,  and  the  con- 
sequent hindrance  to  filtration,  is  avoided  by  regulating-  the 
size  of  the  escape  tube  by  a  pinch-cock.  In  other  cases,  or 
when  the  filtering  must  be  done  rapidl^^  more  powerful  suction 
is  employed,  e.g.,  the  small  air  pump  recommended  by  Cham- 
berland  (Fig.  8,  a),  or  a  filter-pump  worked  by  water.  If  the 
filtration  is  difficult  and  a  powerful  pump  is  used,  care  must 
be  taken  that  the  walls  of  the  flask  are  strong  enough  to  bear 
the  atmospheric  pressure.  In  such  cases  it  is  customary  to 
use  a  thick- walled  flask  instead  of  a  common  wash-bottle,  and 
under  these  circumstances  exceptional  use  may  be  made  of  a 
lead  tube  within  the  rubber  tubing.  After  repeated  sterilizing 
by  steam,  even  thick-walled  rubber  tubing  becomes  too  much 
softened  for  further  use. 

When  the  wash-bottle  (&)  is  filled  with  the  clear  filtrate,  it 
is  first  loosened  from  the  aspirator,  then  the  tube  (c)  is  fast- 
ened by  a  clamp  or  glass  plug,  after  which  the  flask  can  be 
separated  from  the  filter  and  its  contents  kept  sterile.    The 


Bacteriological    Technology.  45 1 

filtrate  remaining"  in  the  cavity  of  the  filter  can  he  saved,  by 
pouring-  it  into  one  or  more  sterile  vessels,  e.g.,  culture  tuhes, 
as  soon  as  the  filter  is  opened.  This  is  best  done  by  using  a 
pipette  (Fig.  6,  B),  plugged  at  the  top  with  cotton,  while  the 
tube  below  the  bulb  is  long  enough  to  reach  the  bottom  of  the 
filter  and  slender  enoug'h  to  jjass  through  its  opening.  Before 
use,  it  is  hermetically  sealed,  sterilized,  and  passed  through  the 
flame  like  an  ordinary  Pasteur  pipette,  of  which,  indeed,  it  is 
only  an  enlarged  edition  {cf.  Fig.  '2'2). 

After  being-  used,  the  Chamberland  filter  is  cleaned  accord- 
ing to  circumstances,  by  simply  brushing-  otT  the  surface  and 
washing-  it  in  water,  or  hj  the  additional  use  of  chemicals, 
e.g.,  disinfectants.  Occasionally  it  may  also  be  desirable  or 
necessary  to  rinse  its  pores  out  thoroughly  witli  water,  before 
it  is  dried  and  ag-ain  sterilized.  This  is  most  quickly  accom- 
plished (Fig-.  6,  C),  in  the  following  way:  the  filter  is  filled 
with  water  and  immersed  in  a  larg'e  vessel  of  water,  which  is 
placed  quite  hig'h,  as  on  a  shelf  or  cupboard.  A  rubber  tube 
several  feet  long  is  attached  to  its  open  end.  Somewhere  in 
this  a  glass  tube  (Fig.  6,  D),  filled  with  water  is  inserted. 
Before  putting  together,  the  filter  and  tube  are  both  filled 
with  water. 

When  one  has  to  do  with  small  quantities  of  fluid  the  small 
thick- walled  filter  (Fig.  6,  E)  can  be  used.  This  is  15  cm. 
long-,  with  a  cavity  '2  mm.  in  diameter.  These  were  first  used 
in  Pasteur's  laboratory,  inserted  in  a  filtering  apparatus  of 
special  construction,  but  they  can  be  used  in  the  same  manner 
as  the  larger  ones,  by  fastening-  a  rubber  tube  to  the  upper 
end  with  copper  wire.  A  strong-  suction  apparatus  is  needed 
for  this.  The  small  bulb  (Fig.  6,  F)  is  intended  to  be  used  as 
a  receiver  of  filtered  fluid  (Fig-.  8)  and  also  without  special 
change,  as  a  culture  vessel,  with  tubular  plug  [cf.  Chapter 
IL,  p.  455). 

It  must  be  remembered  that  even  filtration  throug-h  porce- 
lain does  not  always  avoid  the  chemical  modification  of  fluids, 
since  the  filter  may  hold  back  certain  compounds,  as  well  as 
the  g-erms.  If  organic  culture  fluids  must  be  absolutely  un- 
changed, and  at  the  same  time  free  from  g-erms,  it  is  neces- 
sary to  do  without  all  sterilization,  in  which  case  they  are  to 
be  collected  or  prepared  with  such  care  that  all  contamina- 
tions from  their  surroundings  are  avoided.  Blood  and  urine, 
11—30 
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for  instance,  are  drawn  directly  from  the  heart,  veins,  or  blad- 
der with  antiseptic  precautions.  The  preparation  of  origin- 
ally sterile  infusions  is  further  briefly  discussed  in  Chapter  XI. 
5.  Disinfecting  Solutions. — As  a  help  in  sterilization,  it  is 
usual  to  have  at  hand  a  large  quantity  of  corrosive  sublimate 
solution  (1  or  2 : 1,000),  which  is  not  only  used  in  preparing  some 
sorts  of  culture  media,  e.g.,  i)otatoes  (see  Chapter  III.),  but  in 
many  other  cases,  for  cleansing  the  hands,  instruments,  mor- 
bid material,  etc.  If  well  water  is  used  instead  of  distilled 
water  in  making  this  solution,  care  must  be  taken  that  no 
precipitate  of  insoluble  mercurial  salts  is  formed,  or  the  fluid 


Fig.  8  —Small  Porcelain  Filter  joined  to  Bulb-reservoir  and  Air-pump  (a). 


will  possess  no  disinfecting  value.  To  prevent  this,  a  small 
quantity  of  acetic  acid  may  be  added  to  the  well  water.  Fiir- 
bringer  recommends  0.5  gram  to  each  litre  of  0.1  per  cent  solu- 
tion. Carbolic  acid  solutions  of  various  strengths  are  also  to 
be  kept  ready  for  use. 


CHAPTEE  11. 

COMMON   CULTURE-APPARATUS. 

The  principal  requirements  of  a  culture-apparatus  in  which 
pure  cultures  are  to  be  convenienth'  and  surely  obtained  are 
the  following:  Besides  being"  durable,  simple,  handy,  and 
cheap,  it  must  be  easily  sterilized  with  its  contents,  and  so 
that  it  can  be  oj)ened  for  inoculation  and  again  closed  without 
much  danger  of  infection  from  the  air.  It  must  also  be  so 
closed  that  the  entrance  of  foreign  germs  is  impossible,  while 
free  access  of  the  air  is  j)ermitted  (except  when  anaerobic 
forms  are  to  be  cultivated).  This  is  effected  by  the  use  of  cot- 
ton batting,  which  allows  a  sufficient  circulation  of  air  while 
filtering  the  germs  from  this. 

The  apparatus  to  be  recommended  for  simph^  keeping  a 
pure  culture  is  the  following : 

1.  Test-tubes  and  flasks  plug-ged  with  cotton.  One  can 
commonly  use : 

a.  Test-tubes  of  any  size.  The  use  of  small  tubes  {e.g.,  13 
cm.  long,  and  1  cm.  in  diameter)  is  to  be  recommended.  A 
considerable  quantity  of  the  culture  material  is  then  saved. 
Since  the  heating  of  these  glasses  is  generally  effected  in  the 
steam  sterilizer  and  not  directly  over  the  flame,  their  walls 
need  not  necessarily  be  so  thin  as  those  of  chemical  test-tubes, 
and  consequently-  it  may  be  best  to  order  those  with  especially 
thick  walls,  entirely  without  a  flange,  so  that  the  cotton  plug 
may  fit  better  to  the  edge. 

The  test-tubes  are  first  carefully  cleaned  with  common 
distilled  water,  and  then  plugged  in  the  following  manner: 
Good  cotton  batting  (not  absorbent  cotton)  is  pressed  with  a 
pair  of  forceps  (or  twisted  by  the  hand)  into  the  mouth  of  the 
test-tube  in  sufficient  quantity  to  form  a  firm,  tightly  fitting 
plug,  which  reaches  a  couple  of  centimetres  into  the  tube, 
while  part  of  it  projects  and  fraj's  out  over  the  edge.     The 
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plug-  must  be  both  firm  and  tig-litlj^  fitting-,  3^et  capable  of  re- 
moval and  reinsertion  (by  a  twisting-  motion)  without  much 
difficulty.  When  the  test-tubes  have  been  plugged,  they  are 
put  in  a  small  four-sided  basket,  made  of  wire-cloth,  of  a  suita- 
ble size  for  the  oven,  and  sterilized  at  150°  C. 

If  it  is  wished  to  make  use  of  a  larger  surface  than  is  avail- 
able when  a  test-tube  is  used,  even  when  it  is  obliquely  placed 
(Fig-.  9,  II.),  recourse  is  had  to : 

h.  Small  Conical  Flasks. — (Erlenmeyer  flasks)  of  the  form 
shown  in  Fig.  9,  VII.,  and  holding-  about  100  cc. 


Fig.  9.— Various  Culture-glasses  with  Cotton  Plugs  (/.,  //.,  VIL),  or  Plugged  Caps  {III.— VI.) 


c.  Small  Medicine  Bottles  (30  gm.)  are  convenientl}^  used 
in  the  same  Avay,  and  the  surface  of  the  gelatin  in  them  can 
also  be  increased  by  placing  them  in  an  oblique  position  while 
it  is  hardening.  They  have  the  advantage  over  test-tubes 
that  they  may  be  stood  upright  without  the  use  of  a  rack. 

Any  of  these  receptacles  can  be  used  for  cultures  in  either 
solid  or  fluid  media.  A  fault  common  to  them  is  that  they 
are  all  relatively  wide  mouthed,  so  that  the  removal  of  the 
plug:  leads  to  a  certain  danger  of  contamination,  especially 
from  dust  which  has  settled  on  the  plugs  when  they  have 
stood  for  some  time.     This  can  be  obviated  by  tying-  a  couple 
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of  layers  of  filter  paper  over  the  cotton  plug-  (Fig*.  9,  VII.), 
■which  is  especially  recommended  when  large  flasks  are  used. 
For  g-reater  safety,  the  part  of  the  cotton  projecting  bej'ond 
the  tube  can  be  singed  off  just  before  use.  Both  these  precau- 
tions are  less  necessary  when  solid  media  are  used,  so  that  the 
tube  or  flask  can  be  inverted  while  the  plug"  is  removed  and 
inoculation  effected.  They  are  more  important  when  the  con- 
tents of  the  vessels  are  fluid.  Much  g-reater  safety'  is  secured 
by  the  tubular  cotton  plug  of  the  author  which  is  described 
later. 

2.  Vessels  irith  Tuhular  Plugs. — When  I  beg-an  in  18T9-80 
the  pure  culture  of  a  larg-e  number  of  putrefactive  bacteria, 
w^hich  had  been  isolated  by  the  capillary -tube  method,  I  first 
used  stoppers  in  the  form  of  short  pieces  of  rubber  tubing",  in 
one  end  of  Avhich  small  sterilized  tampons  of  cotton  were  fixed. 
The  vessels  which  were  closed  by  these  tubular  stoppers  were 
larger  and  smaller  flask-shaped  or  test-tube-shaped  g-lasses, 
which  had  a  short  and  broad  slightly  conical  neck,  with  rela- 
ti^'ely  narrow  mouth  (2  to  4  mm.)  over  which  the  rubber  tube 
could  be  slipped  (Fig".  9,  III.-V.). 

The  tubular  stoppers  are  prepared  as  follows :  The  cotton  is 
sterilized  at  150°  C.  The  rubber  tube,  G  to  8  cm.  long,  is  steril- 
ized by  steam,  wrapped  in  paper.  It  should  be  a  little  larger 
than  the  top  and  a  little  smaller  than  the  bottom  of  the  conical 
neck  it  is  to  fit.  After  cooling,  the  tubes  are  unwrapped,  and 
by  the  aid  of  small  forceps,  half  filled  with  tampons  of  the 
sterilized  cotton,  w^hich  must  be  so  large  and  firm  that  the}' 
bulge  the  tube  slightly  (Fig.  9,  V.).  The  advantages  of  these 
stoppers  are,  obvioush':  a.  In  opening-  and  closing  the  flasks 
the  cotton  and  the  dust  that  has  collected  on  it  are  not 
touched,  h.  The  apparatus  is  opened  and  closed  at  a  point 
where  its  surface  can  always  be  easily  freed  from  dust.  c. 
The  opening  through  which  inoculation  is  effected  is  smaller 
than  with  test-tubes. 

The  same  principle  was  afterward  applied  in  a  more  ade- 
quate form  in  the  so-called  Pasteur  or  Chamberland  flasks 
(Fig.  10)  which  are  much  used  in  Pasteur's  laboratory-.  The 
cap  of  these  is  not  made  of  rubber  but  of  glass,  and  is  closely 
fitted  to  the  neck  by  grinding.  Unlike  the  flasks  with  rubber 
tubes,  they  can  be  sterilized  entire  at  150°  C,  and  hence,  as  a 
rule,  are  preferable  to  the  latter.     The  flasks  and  caps,  which 
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belong-  tog-ether,  are  numbered  correspondingly  with  Bruns- 
wick black  (Fig-.  10). 

Notwithstanding  the  decided  superiority  of  the  tubular  cap 
over  the  simple  cotton  plug,  the  latter  as  a  rule  is  used  even 
in  fluid  cultures;  but  the  rubber  cap  is  always  useful  when  a 
narrow  tube  is  to  be  plugged  with  cotton  (c/.  Fig.  56  and  Fig. 
58).  By  means  of  a  bored  rubber  stopper,  a  tubular  cap  can 
be  adapted  to  any  flask  (Fig-.  9,  VI.). 

3.  Other  Culture  Apparatus.— A  pair  of  small  glass  trays 
(3  to  5  cm.  in  diameter)  can  be  used  for  cultures,  one  serving  as 
a  lid  for  the  other  (Fig.  13).     They  have  the  advantage  over 
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Fig.  10.— Pasteur-Chamberland  Flask. 


Fig.  11.— Glass  Box  for   Soyka's 
Museum  Cultures. 


vessels  plugged  with  cotton,  that  their  contents  are  more 
easily  accessible,  even  for  microscopic  examination,  but  the^^ 
are  less  secure  against  foreig-n  germs. 

A  far  more  reliable  security  against  contamination  is 
afforded  by  glass  boxes  with  overlapping  and  ground  covers 
(Fig.  11),  such  as  Soyka  uses  for  his  hermetically^  sealed  "mu- 
seum cultures"  {cf.  Chapter  VI.). 

A  number  of  other  contrivances  for  cultures  adapted  to 
particular  purposes  will  be  described  later.  The  apparatus 
for  cultivating  anaerobic  bacteria,  and  for  cultivating  bacteria 
under  the  microscope,  are  for  convenience  left  for  treatment 
in  later  chapters,  devoted  to  these  subjects. 


CHAPTEE  III. 

CULTURE-MEDIA,  AND  THEIR  INTRODUCTION  INTO  TEST- 
TUBES,    FLASKS,    ETC. 

It  would  be  useless  to  mention  the  enormous  number  of 
solutions,  infusions,  etc.,  Avhich  have  been  applied  advantage- 
ously in  various  bacteriological  investigations,  and  moreover 
it  may  obviously  be  necessary  for  each  expeirimenter  to  use 
the  most  dissimilar  culture-media,  and  to  vary  them,  within 
wide  limits,  hy  the  addition  or  removal  of  one  substance  or 
another  according*  to  the  object  of  the  investigation.  Direc- 
tions are  given  here  for  the  preparation  of  onlj-  such  fluid  and 
solid  media  as  have  been  found  especially  useful  in  the  study 
of  pathogenic  micro-organisms  during  the  last  few  years. 
They  are  commonly  made  in  the  conical  Erlenmeyer  flasks 
(Fig.  10,  YII.).  These  conical  flasks  will  be  frequently  men- 
tioned in  the  following  pages,  where  they  are  designated  as 
large,  medium,  and  small,  holding  respectively  1,500,  500,  or 
100  gm. 

A.  Fluid  Media. 

1.  Flesh  Water. — Even  the  simple  decoction,  made  by  cook- 
ing meat  in  water,  with  an  acid  reaction,  affords  a  good  nutri- 
ent substance  for  a  large  number  of  bacterian  forms,  but 
when  it  is  neutrahzed  by  the  addition  of  a  little  sodium  carbon- 
ate, a  fluid  is  obtained  in  which  a  large  number  of  the  most 
important  pathogenic  germs  yet  known,  also  thrive.  For  the 
preparation  of  broth,  different  kinds  of  meat  are  used  accord- 
ing to  circumstances,  and  the  procedure  is  somewbat  diff"erent 
in  the  various  laboratories.  This  is  worth  noting,  because 
we  must  tre  jDrepared  to  recognize  in  our  present  imperfect 
knowledge  concerning  the  nutrition  of  bacteria,  that  slight 
variations  in  the  preparation  may  give  rise  to  differences  in 
the  results  of  cultures. 
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The  two  most  common  methods  of  preparation  are  the 
following" : 

a.  Bouillon  (B).  —  A  pound  of  lean,  scraped,  or  finely 
chopped  beef,  is  placed  in  an  enamelled  kettle,  or  a  large  flask, 
with  a  litre  of  distilled  water.  The  mixture  is  cooked  for  half 
an  hour  and  filtered.  The  filtrate  is  neutralized  or  rendered 
slightly  alkaline  by  adding  to  it,  drop  by  drop,  a  solution  of 
carbonate  (or  phosphate)  of  sodium.  It  is  then  again  boiled 
for  about  an  hour,  by  which  time  the  insoluble  albuminoids 
are  all  coagulated  (C.  Fraenkel),  after  which  it  is  allowed  to 
cool,  when  the  fat  solidifies.  Having-  been  once  more  filtered, 
the  clear  broth  is  filled  into  small  vessels  (usuallj^  medicine 
bottles  [or  test-tubes],  plug'ged  with  cotton,  cf.  p.  460),  in 
which  it  is  finally  sterilized  in  the  steam-cylinder  for  a  quarter 
of  an  hour.  For  greater  security,  it  is  again  sterilized  on  the 
following  day  (disconnected  sterilization,  cf.  p.  446),  With 
each  new  cooking,  the  clear  filtered  broth  may  become  clouded, 
but  the  turbidity  disappears  on  cooling,  otherwise  it  is  neces- 
sary to  repeat  the  cooking  and  filtration  several  times,  until 
the  fluid  is  obtained  perfectly  clear.  This  decoction  of  meat 
is  known  in  the  laborator^^  as  bouillon  (B)  in  contrast  with  the 
following. 

h.  Flesh  water  (K),  in  the  more  restricted  sense.  A  pound 
of  chopped  lean  beef  is  covered  with  a  litre  of  water  and  set 
in  an  ice-chest  for  twentj^-four  hours,  after  which  it  is  thor- 
oughly shaken  and  filtered  through  muslin,  the  juices  being 
well  wrung"  out  from  the  meat.  In  this  w^ay  a  litre  of  flesh 
extract  is  obtained,  which  is  then  cooked,  filtered,  rendered 
slightly  alkaline,  etc.,  as  before. 

The  addition  of  0.5  per  cent  of  table  salt  increases  the  value 
of  broth  and  flesh  extract  as  a  culture  fluid  for  a  number  of 
bacteria  (Miquel). 

The  addition  of  five  per  cent  of  glycerin  (before  the  last 
neutralization)  gives  an  excellent  medium  for  the  tubercle 
bacillus  (Roux  and  Nocard). 

Obviously,  there  may  also  be  occasion  for  varying  the  com- 
position of  the  bouillon  by  the  addition  of  various  other  sub- 
stances, e.g.,  peptone,  cane  or  grape-sugar,  acetic  acid,  etc. 

A  useful  flesh-water  can  also  be  obtained  by  the  solution  in 
water  of  a  suitable  quantity  of  some  meat-extracts,  followed 
by  very  careful  "  disconnected "  sterilization  (because  of  the 
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numerous  resistant  g-ernis  often  present  in  these  extracts), 

neutralization,  filtration,  etc. 

c.  Liebig's  extract  (E),  5  g-m.  to  a  litre  of  water,  is  to  be 

recommended,  and  especially 

(7.  CihiVs  extract  (C),  20  g-m.  to  a  litre  of  water 

Of  other  nutrient  fluids,  onl\^  the  following-,  of  proved  and 

recognized  value,  will  be  named: 

2.  Aqueous  decoction  of  liver,  lungs,  and  other  viscera. 

3.  Neutralized  or  slightly  alkaline  wine  (used  at  one  time 
by  Pasteur)  in  the  pure  cultivation  of  the  bacillus  of  splenic 
fever,  on  a  large  scale. 

4.  Infusion  or  decoction  of  wheat,  hay,  cabbage. 

5.  Yeast-water,  a  filtered  and  sterilized  decoction  of  100 
parts  water  to  10  parts  compressed  yeast. 

For  the  cultivation  of  yeast  and  moulds,  the  following  are 
especially  adapted  : 

6.  Beer-wort,  a  decoction  of  dried  and  pulverized  malt,  ob- 
tainable at  every  brewery.  This  must  be  cooked  for  an  hour 
a,nd  then  filtered,  before  use,  but  it  is  hard  to  obtain  it  clear. 

7.  Decoction  of  horse  dung-  (and  of  the  excrement  of  other 
herbivora).  One  part  of  fresh  hoi'se  dung  is  mixed,  by  the  use 
of  a  g-lass  rod,  with  three  parts  of  water,  set  in  a  cool  place  for 
twent^'-four  hours,  after  Avhich  the  mixture  is  cooked  for  an 
hour,  and  filtered  throug-h  a  double  filter,  which  is  a  ver^'  slow 
process  (unless  a  filter  pump  is  used).  The  filtrate  is  ag-ain 
cooked  for  some  time  and  if  necessary  reflltered,  after  which 
it  is  filled  into  small  receptacles,  sterilized  in  the  steam- 
cylinder,  and  boiled  twice  for  fifteen  minutes,  with  a  day  be- 
tween. 

8.  Decoction  of  prunes,  which  is  best  prepared  as  follows: 
The  prunes  are  allowed  to  stand  for  a  day  in  a  little  water,  in 
which  they  are  then  cooked  carefully,  so  that  they  remain 
nnbroken.  The  fluid  is  afterward  filtered  and  boiled  down 
somewhat.  In  some  cases  it  may  be  desirable  to  reduce  the 
acidity  of  the  decoction  by  the  addition  of  sodium  phosphate. 

9.  Decoction  of  other  dried  fruits,  e.  g.,  raisins,  dried  pears, 
etc. 

The  horse  dung,  prunes,  raisins,  etc.,  used  in  making-  these 
decoctions,  may  be  preserved  in  a  sterile  condition,  for  use  as 
solid  media  in  the  culture  of  moulds,  yeasts,  etc. 

A  neutral   or  ver^^  slightly   acid   beer-wort   is   especially 
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adapted  to  the  culture  of  Mucorini;  while  for  the  various 
s^Decies  of  Aspergillus  a  simple  acid  mixture  of  wort  and 
prune-juice  is  an  especially  good  medium,  as  O.  Joh.  Olson 
has  told  me.  A  mixtui'e  of  the  three  liquids  numbered  6,  7, 
and  8,  may  at  times  be  useful.  The  reader  is  referred  to 
Chapter  XI.  for  directions  for  collecting-  and  preparing  prima- 
rily sterile  nutrient  fluids. 

When  a  large  {quantity  of  culture  fluid  has  been  prepared, 
it  is  distributed  in  several  medicine  bottles  (or  Erlenmeyer 
flasks)  holding  one  or  two  hundred  grams,  previously  plugged 
with  cotton  and  sterilized  at  150°  C.  In  these  smaller  vessels 
the  fluid  is  finally  sterilized  in  the  steam  cylinder  for  five  to 
fifteen  minutes  on  two  sucessive  days.  It  can  then  be  pre- 
served as  long  as  is  wished,  in  a  dry  place,  provided  the  flasks 
are  well  plugged.  The  safest  plan  is  to  use  a  large  cotton 
plug,  and  to  tie  over  it  several  layers  of  Alter  paper  (or  to 
cover  it  with  a  sterilized  thin  rubber  cap,  such  as  the  Germans 
now  use  extensively). 

Formerly  "Pasteur's  fluid"  (pure  rock-cand}^,  10  gm;  am- 
monium acetate,  0.1  gm.;  and  the  ashes  of  1  gm.  j^east,  all  dis- 
solved iu  distilled  water),  "Mayer's  fluid,"  or  "Cohn's  fluid" 
(potassium  phosphate,  0.5  gm,;  magnesium  sulphate,  0,5  gm,; 
tribasic  phosphate  of  potassium,  0.5  gm. ;  acetate  of  ammonium, 
1  gm.;  water,  100  gm.)  were  used.  These  fluids  are  little  suited 
to  the  cultivation  of  bacteria.  It  must  also  be  remembered 
that  Pasteur  by  no  means  introduced  such  mineral  solutions  as 
suitable  nutrient  fluids  for  microbes,  but  to  show  (1858)  that 
yeast  cells  can  produce  albuminoids  from  a  carbo-hydrate  and 
an  inorganic  nitrogenous  compound,  when  the  necessary  ash- 
constituents  are  also  present. 

B.  Solid  Media. 

The  systematic  use  of  solid  nutrient  media,  especially  of 
nutrient  gelatin  (Robert  Koch,  1881),  marks  a  turning  point  in 
the  liistory  of  bacteriological  technology.  Brefeld  had  previ- 
ously employed  nutrient  gelatin,  but  essentially  only  to  check 
the  drying  of  slide-cultures.  The  starting  point  for  Koch's  im- 
portant discovery  was  the  long-known  fact  that  the  cut  surface 
of  a  cooked  potato,  laid  away  for  some  time  exposed  to  the 
air,  becomes  the  seat  of  large  and  small  colonies  of  mould, 
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yeast.,  and  bacteria,  the  last  two  of  which  often  occur  as 
small  distinct,  slim3'  colonies  of  various  colors.  Each  colony, 
as  a  rule,  contains  onl3'  one  form  of  yeast  or  bacteria,  which 
has  developed  from  a  germ  that  fell  from  the  air  and  found 
in  the  potato  a  favorable  soil  for  its  growth  (first  noticed  by 
Hoffmann,  in  1869,  and  utilized  b3'  Schroeter  in  18T-2,  in  his 
cultivation  of  pigment  bacteria).  If  w^e  imagine  these  germs 
to  have  fallen,  not  on  the  solid  surface  of  the  potato,  but  on 
an  ecxuall3'  large  surface  of  some  fluid  m  which  they  could 
thrive  as  well,  it  is  easily"  seen  that  the  several  forms  would 
have  run  together  after  a  short  time,  motile  and  quiescent 
being  mixed  together.  Some  of  the  germs  which  succeeded 
in  developing  upon  the  potato,  where  they  found  space  un- 
disturbed by  other  colonies,  would,  perhaps,  have  failed  to 
develop  at  all  in  the  fluid,  yielding  to  others  in  the  struggle 
for  existence.  The  same  germs  which  in  the  fluid  produced 
a  motley  tangle  of  intermingled  forms,  gave  a  series  of  well- 
separated  colonies,  on  the  solid  medium. 

When  Koch  had  become  aware  of  the  extraordinary  ad- 
vantage offered  by  cultures  on  solid  media  over  those  in  fluids, 
he  sought  to  give  various  useful  culture  fluids  a  solid  form, 
and  he  succeeded  in  doing  this  by  gelatinizing  them,  in  the 
manner  to  be  described.  The  "nutrient  gelatins"  so  pre- 
pared, have  the  advantage  over  potato,  that  their  chemical 
composition  can  be  varied  within  wide  limits,  so  that  solid 
culture  media  may  be  produced  for  such  bacteria  as  cannot  be 
found  on  potato.  They  are,  further,  transparent,  which  ren- 
ders possible  the  observation  of  the  growth  of  bacteria  within 
the  gelatin,  as  well  as  the  microscopic  examination  of  the 
culture.  Finally,  they  are  liquefiable  at  a  low  temperature, 
which  is  of  decided  value  for  their  application  to  the  isolation 
of  the  different  bacterian  germs. 

A  low  melting  point,  however,  limits  in  some  ways  the  use- 
fulness of  gelatins,  since  it  makes  it  impossible  to  employ 
them  for  cultures  at  much  above  20°  C.  Koch  therefore  in- 
troduced for  such  cultures  a  second  gelatinizing  substance, 
agar-agar,  which  remains  solid  at  the  highest  temperatures 
used  for  culture  investigations.  The  same  remark  applies  to 
sterilized  blood-serum,  which  Koch  found  a  method  of  pre- 
paring. 

It  was  said  above  that  the  introduction  of  solid  culture- 
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media  marks  a  turning-  point  in  the  history  of  bacteriological 
technolog3^  This  is  doubly  true.  In  the  first  place,  it  has  be- 
come possible  by  them  to  surely  and  easilj'  isolate,  and  culti- 
vate in  a  state  of  purity,  the  various  bacterian  forms,  as  is 
evident  from  what  has  been  said,  and  as  will  be  shown  more 
in  detail  in  the  next  chapter.  But  the  introduction  of  solid 
media  has  also  in  many  ways  simplified  bacteriological  work, 
making  it  possible  to  work  with  far  simpler  apparatus,  and  at 
the  same  time  with  far  better  control  and  far  greater  cer- 
tainty^, aside  from  other  reasons,  because  any  accidentally  in- 
troduced foreign  germ  manifests  itself  more  readily  when  it 
forms  a  limited  colony  on  or  in  the  gelatin,  than  when  its 
progeny  in  a  fluid  become  scattered  and  mixed  among  all  the 
other  bacteria. 

It  must  not  be  forgotten,  however,  that  there  are  also  limits 
to  cultivation  upon  solid  media,  and  that  it  by  no  means  neces- 
sarily renders  fluid  cultures  superfluous;  so  that  the  same 
care  is  due  to  the  technique  of  the  latter  as  formerly.  To  men- 
tion a  single  instance  of  many :  it  is  obvious  that  experiments 
concerning  the  fermentation  products  of  bacteria,  and  their 
nutrition,  may  demand  the  use  of  culture  fluids  which  have  a 
very  simple  chemical  composition,  but  which  would  be  chang"ed 
into  very  troublesome  and  complex  mixtures  by  the  addition 
of  g"elatin  or  agar-agar.  In  addition  to  this,  the  usefulness 
of  a  culture  fluid  for  certain  bacteria  is  at  times  lessened  or 
destroyed  by  the  addition  of  gelatin,  etc. 

1.  Boiled  Potato. — According  to  circumstances,  the  pre- 
paration and  application  of  potatoes  varies  a  little,  so  that  one 
either : 

1.  Simply  cuts  them  in  two,  and  lays  them  in  a  moist 
chamber.  The  problem  in  preparing"  them  is  first  and  chiefly, 
to  remove  or  sterilize  the  dirt  adhering  to  them,  which  always 
contains  large  numbers  of  particularly  resistant  bacillus  spores. 
To  this  end  as  clean  and  smooth-skinned  potatoes  as  possible 
are  selected.  Then  they  are  repeatedly  washed  in  water,  and 
any  remaining  dirt  is  carefully  scrubbed  off  under  water,  with 
a  brush.  By  the  use  of  a  pointed  knife  any  diseased  or  injured 
parts  of  the  skin,  as  well  as  the  chang-ed  parts  of  the  under- 
lying parenchyma,  are  removed.  The  potatoes  are  then  laid 
for  some  time  in  a  0.1  per  cent,  sublimate  solution,  wrapped 
singly,  without  being  dried,  in  thin  wrapping  paper,  and  ex- 
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posed  for  half  an  hour  to  streaming-  steam  at  100°  C.  After 
twenty-four  hours  the  steammg-  is  repeated  for  fifteen  minutes 
and  the  potatoes  are  ready  for  use.  They  are  taken  from  the 
paper  one  at  a  time,  held  between  thumb  and  one  finger  of 
the  left  hand,  which  has  previously  been  washed  in  sublimate, 
and  are  halved  by  a  table  knife  that  has  been  carefully  steril- 
ized by  being  drawn  several  times  through  the  flame,  or  by 
prolonged  heating  at  150°  C.  (wrapped  in  paper  in  the  steril- 
izing oven).  The  halves  are  then  quickly  laid  with  the  cut 
faces  up,  in  a  moist  chamber,  e.g.,  under  a  bell  glass  set  on  an 
earthen  plate  (or  in  the  flat  pairs  of  trays  similar  to  Fig.  13, 
but  about  20  cm.  in  diameter  which,  though  they  cannot  be 
so  easil3"  obtained,  are  safer  and  have  the  advantage  that 
they  can  be  set  away  one  on  top  of  the  other).  Dish  and  bell 
glass  have  first  been  carefully  cleaned  in  water  and  rinsed  in 
1.0  per  cent  sublimate;   and  one  or  two  thicknesses  of  filter 


Fig.  12.  Fig.  13. 

Figs.  12  and  13.— Shallow  and  Deep  Glass  Trays  in  Pairs,  the  Larger  serving  as  a  Lid  for 

the  Smaller. 

paper  moistened  in  the  same  solution  have  been  laid  in  the 
bottom  of  the  plate.  A  potato  cooked  and  divided  in  this 
manner,  placed  under  a  bell  glass  is  one  of  the  simplest  ar- 
rangements for  cultivating  bacteria,  but  it  is  always  exposed 
to  contamination  \)X  germs  from  the  air.     This  is  avoided  by: 

2.  Dividing  the  potatoes  into  prismatic  pieces  (or  cylinders, 
by  the  use  of  a  small-sized  tin  cutter  made  like  common  apple 
corers)  and  putting  these  in  plugged  test-tubos.  In  this  case 
it  is  only  necessary  to  cleanse  the  surface  of  the  potato  witli 
brush  and  sublimate  solution.  After  the  potatoes  have  been 
steamed  once  for  five  minutes,  they  are  pared  and  with  sterile 
instrument.s  cut  into  pieces  which  are  quickly  placed  in  the 
test-tubes  already  sterilized  in  the  usual  way,  after  wliich  they 
are  steamed  for  a  quarter  of  an  hour. 

3.  Nicer  cultures  are  obtained  by  cutting  the  coolvcd  and 
pared  potato  into  round  discs,  which  are  laid  in  tlie  bolioiu 
of  a  small  pair  of  glass  trays  (Fig.  13,  cf.  Fig.  11,  as  well  as 
Soyka's  museum  cultures),  which  after  being  wrapped  in  paper 
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are  then  steamed  for  fifteen  minutes.  Such  discs  are  best  cut 
out  by  aid  of  a  small  tin  ring-, 

4.  Potato  broth  prepared  by  mashing-  pared  boiled  pota- 
toes and  adding  a  proper  amount  of  water  can  be  occasionally 
used  with  advantage,  if  an  especially  large  culture  surface  is 
desired. 

2.  Gelatinized  Medici. — If  we  desire,  according  to  Koch's 
directions,  to  chang-e  our  difi'erent  culture  fluids  into  solid  and 
transpsarent  but  liqueflable  substances  we  make  use  of  the 
following: 

a.  Gelatin. — The  finest  French  gelatin,  which  comes  in 
thin  oblong  sheets  of  about  2.5  g-m.  weight,  is  used.  Five,  or 
commonly  ten,  per  cent  of  this  is  added  to  the  nutrient  fluid, 
dissolved,  cooked,  rendered  slightly  alkaline,  cleared,  filtered, 
poured  into  smaller  vessels  and  steamed  twice  with  a  day's 
interval. 

h.  Agar-agar  (The  Asiatic  name  of  several  peculiar  gela- 
tinous alga^,  which  g-row  in  the  Indian  Archipelago  and  come 
into  the  market,  dried  in  yellowish  cartilaginous  strips  [or 
spongy  prisms]  ). — When  cooked  in  water  this  forms  a  stiff 
jelly  and  can  be  added  to  the  various  culture  fluids  in  a  quan- 
tity of  1  to  2  per  cent,  precisely  like  g-elatin.  As  a  rule  we  use 
1.5  per  cent,  which  is  dissolved  by  long  cooking  and  rendered 
slightly  alkaline,  after  which  it  is  cleared,  filtered,  etc. 

In  passing-  to  a  fuller  description  of  the  preparation  of  the  g-el- 
atinizing  substances,  we  must  dwell  briefly  on  the  advantag-es 
and  disadvantages  attending-  tlie  use  of  each.  Ag-ar-ag-ar  was 
Introduced  b^'  Koch,  as  above  indicated:  («)  because  it  melts 
at  a  much  higher  temperature  than  gelatin,  and  can  there- 
fore be  used  for  cultures  on  a  solid  medium  at  a  higher  tem- 
perature (30°-4:0°  C.  or  higher);  {b)  it  has  also  the  advantage 
as  compared  with  gelatin  that  it  endures  cooking-  for  a  long-er 
time  without  diminution  of  its  gelatinizing-  power;  (c)  there 
are  many  bacteria  which  liquefy  gelatin  in  their  growth,  but 
do  not  affect  agar  in  this  manner,  which  in  many  cases  is  a 
g-reat  advantag-e,  especially  in  isolation -cultures.  On  the 
other  hand,  it  must  be  said:  («)  that  because  of  its  low  melt- 
ing point,  gelatin  is  better  adapted  to  the  isolation  of  g-erms; 
(6)  it  gives  a  filtrate  as  clear  as  water,  while  it  is  very  diffi- 
cult, not  to  say  impossible,  to  g-et  perfectly  clear  nutrient  ag-ar; 
(c)  the  difference  between   the  mode   of  growth  of  different 
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bacteria  shows  far  more  clearly  in  g-elatin  than  in  agar,  so 
that  two  species  which  give  in  gelatin  colonies  of  very  differ- 
ent appearance,  sometimes  appear  identical  when  they  have 
grown  in  agar. 

c.  Agar-Gekit in  .—To  Jensen  is  due  the  credit  of  combin- 
ing-the  good  qualities  of  both  media,  and  avoiding  their  disad- 
vantages, by  adding"  to  culture  fluids  5  per  cent  of  gelatin, 
and  0.75  per  cent  of  agar.  The  introduction  of  this  mixture 
marks  a  real  advance,  and  it  is  worthy  of  use  as  almost  the 
chief  culture-medium,  since  it  is  easil}"  filtered  clear,  and  lique- 
fiable  at  so  low  a  temperature  that  it  can  be  used  without 
difficulty  for  plate-cultures,  though  it  remains  solid  at  30°- 
40°  C. 

d.  Irish- JIoss  (Chondrus  crispus),  rarely  used.  —  Neisser 
recommends  a  strength  of  2.5  per  cent. 

The  preparation  of  gelatins,  ag-ars,  and  ag-ar-g-elatins,  is 
effected  essentially  in  the  same  manner,  so  that  a  single  de- 
scription will  suffice  for  all.  But  the  length  of  time  during 
which  the  solutions  can  be  kept  at  the  boiling  point  for  steril- 
ization, cleaning-,  etc.,  must  be  relatively  short  for  those  con- 
taining- g-elatin,  which  otherwise  loses  its  power  of  solidifying. 
Agar,  on  the  other  hand,  endures  long-  cooking,  while  for  agar- 
g-elatin,  a  golden  mean  is  kept.  Gelatin,  as  a  rule,  is  cooked 
ten  minutes  before  filtration,  and  ten  minutes  after.  Agar  is 
best  cooked  forty-five  minutes  before,  and  a  like  time  after; 
and  agar-gelatin  twenty  minutes  before  and  thirty  minutes 
after  filtering.  Further  than  this,  only  clarifying  and  filter- 
ing demand  special  mention. 

Clarif  1/ in g.—Vi' hen  the  nutrient  jell^-  has  cooked  long 
enoug-h,  it  is  allowed  to  cool  to  somewhere  about  50°  C.  An 
eg-g-  is  then  broken  into  100  gm.  water,  and  gradually  added 
to  the  cooled  but  still  fluid  mixture,  with  which  it  is  thor- 
oug-hly  incorporated.  For  a  litre  of  jell^y,  the  entire  eg-g  is 
used,  a  correspondingh^  smaller  quantity  being  used  for  less 
than  a  litre.  When  the  mixture  is  again  heated  to  the  boil- 
ing point,  the  white  of  egg-  is  precipitated  in  a  large  yellowish 
curd,  floating  in  a  perfectly  clear  fluid.  After  cooking  for 
some  time,  the  next  step  is  proceeded  to — 

Filtering. — This  must  necessarily  be  done  while  the  jelly 
is  still  w^arm.  If  little  is  to  be  flltered,  it  is  merely  necessary 
to  heat  it  up  well  before  pouring-  it  over  the  filter,  so  that, 
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notwithstanding  the  cooUng-,  it  will  remain  fluid  long  enough 
for  all  to  run  through.  But  in  this  case,  both  the  funnel  and 
flask  need  to  he  first  warmed.  It  is  verj^  easy  to  warm  and 
sterilize  flask.,  funnel,  and  filter,  as  well  as  to  moisten  the 
latter,  in  the  manner  shown  in  Fig.  14.  A  layer  of  water  one 
or  tw^o  centimetres  deep  is  poured  in  the  flask,  and  the  funnel 
and  filter  are  set  in  its  mouth,  the  top  of  the  funnel  being 
covered  with  several  thicknesses  of  filter  paper,  over  which  a 
plate  of  zinc  or  asbestos  is  laid  (glass  is  apt  to  break).  By 
heating  the  water  to  the  boiling  point  for  a  few  minutes, 
everything  is  sterilized,  warmed,  and  moistened,  in  a  single 
operation.  While  the  water  is  still  hot, 
it  is  poured  out,  and  filtration  can  begin ; 
the  funnel  being  kept  covered  with  a  zinc 
or  asbestos  plate  which  prevents  cooling 
to  a  considerable  extent. 

When  larger  quantities  {e.g.,  a  litre) 
are  to  be  filtered  at  once,  there  is  danger 
that  the  gelatin  may  stiffen  before  the 
completion  of  the  process,  even  though  it 
was  at  first  almost  boiling.  This  is  pre- 
vented b}"  using  a  hot-water  funnel  (Fig. 
15)  a  double-walled  water  bath  with  a 
projecting  arm  at  b.  The  apparatus  is 
filled  with  water  through  the  hole  a,  and 
is  kept  warm  throughout  the  filtration  by 
means  of  a  flame  set  under  h.  Such  a  double-walled  funnel 
can  be  made  by  any  tinner,  and  is  far  more  convenient  than 
the  single-walled  Plantamour  funnel  supplied  by  dealers  in 
apparatus,  since  the  latter  must  be  plugged  with  a  perforated 
rubber  stopper  at  c,  as  the  glass  funnel  limits  the  water  on 
the  inner  side.  To  prevent  too  many  germs  from  falling  from 
the  air  into  the  flask,  a  little  sterile  cotton  is  stuffed  into  the 
mouth  of  the  latter,  about  the  tube  of  the  funnel. 

As  examples,  the  preparation  of  the  three  most  frequently- 
used  nutrient  jellies  is  given  in  detail.  Other  combinations 
{e.g.,  C.  A.  G.)  are  also  to  be  recommended. 

C.  G.  Cibil's  Gelatin. — 20  gm.  Cibil's  extract  is  added  to 
1  litre  of  distilled  water,  in  which  100  gm.  gelatin  is  then 
dissolved.  Heat  till  all  is  dissolved.  Render  slightly  alka- 
line b3'^  addition  of  sodium  carbonate.    Boil  for  ten  minutes. 


Fig.  14.— Simple  Filtering 
Arrangement. 
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Cool  to  50°  O.  Clarify,  as  indicated  above.  Cook  ag-ain  for 
ten  minutes.  Filter  through  two  thicknesses  of  paper  in  the 
hot-water  funnel.  Pour  into  smaller  vessels,  and  sterilize  for 
a  short  time  in  the  steam  cylinder  on  two  or  three  successsive 
days. 

E.  P.  A.  Peptonized  Agar. — 5  g-m.  Liebig-'s  extract;  30  g-m. 
peptone;  5  g-m.  cane-sug-ar;  15  g-m.  ag-ar;  1  litre  distilled  water. 
Cook  for  an  hour,  render  sligiitly  alkaline,  and  cool  to  below 
60°  C.  Clarify,  cook  ag-ain  for  at  least  an  hour,  fill  into  bottles 
or  test-tubes,  and  steam  for  ten  minutes  on  each  of  two  or 


Fig.  j5.— Plantamour  Hot-water  Funnel,  for  use  with  Gelatin  and  Agar. 


three  successive  days.  If  5  per  cent  of  sterile  g-lycerin  is 
added  to  this  agar,  and  the  w^hole  neutralized,  it  forms  the 
g-lycerin  B.  P.  A.  recommended  by  Roux  and  Nocard  for  the 
cultivation  of  tubercle  bacilli.  This  is  far  easier  to  prepare 
than  serum,  which  is  used  for  the  same  purpose,  cf.  infra,  p. 
468  et  seq.  and  471. 

K.  P.  A.  G.  Peptonized  Agar-Gelatin.— To  a  litre  of  fil- 
tered flesh-water  (pp.  457,  458)  add  5gm.  table  salt,  10  g-m.  pep- 
tone, 50  g-m.  g-elatin,  and  7.5  g-m.  agar.  Treat  like  E.  P.  A.,  ex- 
cept that  it  is  to  be  cooked  each  time  only  20  to  30  minutes. 
It  is  safest  before  final  filtration  to  filter  a  little  into  a  test- 
tube  and  see  if  it  remains  clear  after  boiling-  10  to  15  minutes. 
11—31 
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From  my  experiments,  jellies  made  according-  to  Mahn,  by 
the  use  of  two  per  cent  of  Cibil's  extract  (C.  G. — C.  A. — C.  A. 
G.)  afford  quite  as  good  a  medium  for  man^^  sorts  of  bacteria 
as  the  far  more  expensive  peptonized  flesh-water  or  meat 
g-elatins,  with  or  without  sugar. 

For  the  cultivation  of  moulds  or  yeasts,  jellies  are  prepared 
b3^  adding  G.  or  A.  to  the  nutrient  fluids  named  above.  Espe- 
cially to  be  recommended,  are : — 

Beer-Wort  Agar  (B.  A.),  prepared  of  equal  parts  Avort  and 
water,  with  1.5  per  cent  ag-ar. 

Raisin  Gelatin  (R.  G.),  a  decoction  of  250  gm.  raisins  in  a 
litre  of  water,  to  which  is  added  10  per  cent  of  g-elatin. 

3.  Serwm. — Some  large  g"lass  jars  (e.gf.,  pickle-jars — cf.  Fig. 
63)  are  tied  up  in  three  layers  of  paper,  and  sterilized  at  140°  C. 
They  are  filled  with  blood  from  oxen,  calves,  or  horses  (lambs' 
blood  is  not  to  be  recommended),  collected  during-  the  slaugh- 
tering- of  the  animal,  with  as  g-reat  cleanliness  as  can  be 
obtained  in  a  slaughter  house.  Care  must  be  taken  to  avoid 
shaking-  the  jars,  and  they  are  at  once  set  aAvay  to  coagulate, 
preferably  in  cold  water.  After  this,  they  are  kept  in  a  cold 
place  (best  of  all  an  ice-box),  for  24  to  36  hours.  The  serum 
which  has  now  separated  out,  is  transferred  in  small  quanti- 
ties into  plug-ged  and  sterilized  test-tubes,  by  aid  of  a  pipette 
that  has  been  carefully  sterilized.  The  g-reatest  possible  care 
is  taken  throughout,  since  any  contamination  will  be  more 
fatal  here  than  in  preparing  the  other  culture  media,  because 
the  final  sterilization  must  be  effected  at  a  low  temperature 
and  consequently  in  an  incomplete  manner.  Wetting  the  in- 
side of  the  test-tubes  toward  the  top  with  serum  is  especially-  to 
be  avoided,  as  this  part  of  the  tube  cannot  be  immersed  in  the 
water  during-  the  subsequent  heating-.  The  water  bath  (Fig.  4) 
is  now  filled  with  the  test-tubes  containing  serum,  and  heated 
until  the  thermometer  indicates  58°  to  60°  C,  at  which  tem- 
perature it  is  kept  for  a  little  over  an  hour,  by  means  of  a 
small  flame.  This  is  repeated  daily,  for  a  week.  The  serum 
treated  in  this  manner  has  become  perceptibly  clearer  than  it 
was  originally,  a  small  amount  of  whitish  precipitate  has 
separated,  and  a  thin  oily  layer  (of  cholesterin)  floats  on  the 
surface.  All  of  the  less  resistant  g-erms  are  destroyed  by  the 
heating. 

It  remains  to  solidify  the  serum  without  loss  of  its  trans- 
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parency.  Koch  effects  this  by  prolonged  heating  at  68°  C. 
The  water  bath  is  brought  up  to  this  point  and  carefully  kept 
there  during-  the  process.  According-  to  the  peculiarities  of 
different  lots  of  blood,  the  time  required  for  solidifying-  serum 
varies  from  one  to  several  (6  to  8)  hours,  so  that  it  is  necessary 
to  examine  a  couple  of  tubes  from  time  to  time  to  see  if  the 
coag-ulation  has  beg-un.  The  heating  is  stopped  when  it  be- 
comes easy  to  invert  the  test-tube  without  loosening  the  serum, 
which  is  now  an  amber-yellow  jelly,  in  all  cases  sufficiently 
clear  in  transmitted  light  to  permit  observation  of  the  pecu- 
liarities of  cultures  growing  along  inoculation  punctures  made 
in  it.  The  fewer  red  corpuscles  originally  present  in  the 
serum,  the  clearer  and  more  attractive  it  becomes  after  coagu- 
lation; but  use  can  be  made  of  a  somewhat  red  serum,  espe- 
cially for  cultures  on  the  surface. 

The  last  heating  at  about  70°  C  not  only  gelatinizes  the 
serum,  but  also  naturally  contributes  to  a  complete  steriliza- 
tion; 3'et  one  can  only  be  sure  of  having  killed  all  germs  by 
convincing  himself  that  the  tubes  remain  free  from  bacteria 
after  standing  for  some  time,  a  couple  of  weeks,  at  the  tem- 
perature of  the  room,  or  three  or  four  days  in  the  brood-oven 
at  30°  C.     (C/.  Chapter  VI.) 

An  inconvenience  in  the  use  of  the  water  bath  for  steriliz- 
ing and  coagulating  serum,  already  indicated,  is  that  the  cot- 
ton plugs  and  the  ujaper  part  of  the  tubes,  which  project  above 
the  water,  are  not  exposed  to  so  high  a  temperature  as  the 
thermometer  shows.  This  is  avoided  by  using,  instead  of  the 
water  bath,  a  common  hot  chamber  of  the  sort  indicated  in 
Chapter  VI.,  such  as  it  is  always  necessary  to  have  for  use  as 
a  brood-oven. 

If  it  is  desired  to  solidify  the  serum  with  a  large  oblique 
surface  (Fig-.  5,  II.),  the  test-tubes  must  be  laid  in  the  chamber 
in  a  nearly  horizontal  position.  They  are  best  put  in  a  flat 
box  which  can  be  obliquely  set  in  the  brood-oven. 

Koch  uses  for  this  purpose  a  shallow,  quadrangular  ther- 
mostat covered  with  glass  and  felt.  This  is  shown  in  section  in 
Fig.  16.  The  bottom  of  this  is  30  cm.  square  (inside  measure) 
and  the  layer  of  water  between  the  double  walls  is  6  cm.  deep 
in  the  bottom  {aa)  and  3  cm.  wide  at  the  sides  (bb).  The  pro- 
jecting edge  of  the  outside  wall  (c)  rises  a  cm.  above  the  rest 
and  so  incloses  a  space  for  a  cover  consisting  of  a  square 
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plate  of  g-lass  (c/)_  (which  renders  possible  a  quick  observation 
of  the  temperature  and  the  condition  of  the  serum),  ajid  a 
sheet  of  felt  (e)  which  is  a  poor  conductor.  Water  is  poui-ed 
m  throug-h  the  tube  (/),  while  air  is  allowed  to  escape  through 
a  similar  tube  at  the  other  end.  The  apparatus  is  set  obliquely 
by  putting-  a  couple  of  blocks  {g)  under  two  of  its  leg's.  This 
size  accommodates  two  rows  of  test-tubes  between  which  a 
thermometer  is  laid. 

This  combination  of  "Pasteurization"  and  "disconnected 
heating-/'  which  has  been  outlined  (c/.  pp.  446, 447)  first  used  by 


Fig.  16.— Shallow  Thermostat  for  Solidifjing  Serum  Obliquely. 


Koch  in  preparing-  serum  for  the  cultivation  of  the  tubercle 
bacillus,  must  always  be  used  when  the  blood  has  not  been 
collected  with  the  g-reatest  possible  cleanliness.  But  when  the 
occasion  offers  for  collecting-  blood  by  skilfully  bleeding-  the 
animal,  Avith  sterile  instruments,  after  carefully  washing-  the 
neck  of  the  horse  or  cow  with  0.1  per  cent  sublimate,  it  is 
usually  safe  to  omit  the  tedious  and  diflficult  preliminary'  steril- 
ization and  immediately  proceed  to  solidify'  it  at  68°  to  70°  C. 
after  putting-  it  into  the  test-tubes. 

If  it  is  desired  to  keep  serum  sterile  for  some  time  in  a 
large  vessel,  the  method  that  has  been  described  cannot  be 
used,  but  it  is  best  to  filter  it  through  a  Chamberland  filter 
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(under  low  pressure)  into  a  Pasteur  flask  (Fig-.  67),  the  tube  of 
which  is  then  quickly  sealed  bA^  melting-,  and  is  first  opened 
when  the  fluid  is  distributed  into  test-tubes. 

Serous  accumulations,  such  as  those  of  ascites,  pleuritis,  or 
hydrocele,  which  can  also  be  used  as  culture  media  (cf.  Chap- 
ter XI.),  are  treated  exactly  like  blood  serum. 

If  6  to  8  per  cent  of  sterilized  g-lycerin  is  added  to  the 
fluid  serum  and  this  is  solidified  at  a  slightly  hig-her  tempera- 
ture than  that  which  has  been  g-iven  (75°  to  78°  C.)  solid  g-ly- 
cerin serum  is  obtained,  which,  according-  to  the  observation 
of  Roux  and  Nocard,  is  a  much  better  culture  medium  for  the 
tubercle  bacillus  than  serum  alone. 

Serum  can  also  be  applied  as  a  g-elatinizing  constituent  of 
culture  media,  like  g-elatin  or  ag-ar.  Toeffler  has  advanta- 
g-eously  used  a  mixture  of  three  parts  of  sterilized  fluid  serum 
and  one  part  of  neutralized  bouillon,  containing-  one  per  cent 
of  peptone,  one  per  cent  of  g-rape  sugar  and  0.5  per  cent  of  table 
salt.     The  mixture  was  solidified  at  66°  C. 

4.  Softened  White  Bread. — White  bread  is  cut  in  slices 
and  the  soft  part  is  broken  from  the  crust  in  small  pieces, 
which  are  laid  in  a  thin  layer  under  filter  paper,  to  dry  in  the 
air.  When,  after  a  few  days,  it  is  dry  enough  to  crumble,  it 
is  finely  ground  in  a  coffee-mill,  and  this  dry  bread  powder  is 
kept  in  a  jar  covered  only  with  paper.  When  it  is  to  be  used, 
the  desired  quantity  of  the  i^owder  is  weighed  out,  and  poured 
into  a  sterilized  fiask,  plugged  with  cotton,  so  that  it  forms  a 
level  layer  in  the  bottom  of  this  (about  8  gm.  are  used  for  one 
of  the  smallest  Erlenmeyer  fiasks).  By  the  use  of  a  pipette, 
about  two  and  a  half  times  its  weight  of  sterihzed  water  is 
slowly  poured  over  it.  The  bread  broth  formed  in  this  way  is 
sterilized  twice  by  heating  it  half  an  hour  in  streaming  steam, 
with  an  interval  of  a  day. 

White  bread  can  also  be  used  in  slices  which,  either  with 
or  without  previous  sterilization  by  dry  heat,  are  moistened 
with  sterile  water  and  then  sterilized  in  the  steam  cylinder. 
But  by  pulverizing  it,  a  more  uniform  and  handj^  preparation 
is  obtained. 

This  moistened  bread  is  particularly  adapted  to  the  culti- 
vation of  moulds,  but  many  different  bacteria  also  thrive  upon 
it.  It  can  be  improved  and  varied  by  moistening-  it  with 
bouillon,  prune  juice,  decoction  of  manure,  etc.  (Brefeld). 
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5.  Rice  Milk. — Very  recently,  So^^va  has  recommended  the 
following-  mixture,  which  he  has  employed  with  success  for  his 
sealed  museum  cultures  (c/.  Chapter  VI.):  Rice  meal,  10  gm. ; 
milk,  15  cc;  neutral  bouillon,  5  cc,  mingled  very  thoroughly, 
filled  into  g'lass  trays  by  a  pipette,  and  sterilized  by  discontin- 
uous heating  in  streaming'  steam  on  two  successive  days, 
during"  which  it  solidifies  in  the  bottom  of  the  tray  as  a  wiiite 
opaque  mass. 

6.  Other  Culture  Media. — Of  these,  but  three  will  be 
named:  a.  According-  to  Soyka,  other  thing's  being-  equal, 
spore  formation  in  bacillus  anthracis  is  hastened  considerably 
\)y  the  addition  of  a  certain  quantity  of  sterilized  sand  to  the 
nutrient  bouillon;  2  to  4  cc.  of  bouillon  to  25  gm,  of  sand  g-ives 
a  suitable  degree  of  moisture  to  this  "  artificial  soil."  ^ 

h.  Cultivation  upon  moistened  blocks  of  plaster  was  first 
used  by  Engel  for  inducing  the  so-called  spore-formation  in 
yeasts.  Hansen  recommends  blocks  in  the  form  of  truncated 
cones,  3  cm.  hig-h,  4  cm.  in  diameter  at  top,  and  5  cm.  at  bot- 
tom, wiiich  are  placed  in  small  glass  trays  5  cm.  deep,  loosely 
covered  by  similar  inverted  trays.  Sterilized  water  is  poured 
into  the  traj^s  so  as  to  reach  to  the  middle  of  the  block.^  It  is 
also  possible  to  make  these  blocks  of  any  desired  form.  I 
have,  for  instance,  used  successfully  small  plaster  cj^linders 
(moulded  in  glass  tubes),  that  were  placed  in  ordinary  cotton- 
plugged  test-tubes.  It  is  to  be  observed  that  a  mixture  of 
eight  parts  of  plaster  and  three  parts  of  water  is  used  in 
making  the  blocks.  The  mould  in  which  they  are  cast  must 
not  be  oiled.  Before  use  they  are  sterilized  by  dry  heat  of 
115°  C,  since  a  higher  temperature  robs  the  plaster  of  too 
much  of  its  water  of  crj^stallization. 

c.  Eggs  are  shaken  up  so  as  to  mix  the  white  and  yolk, 
and  the  surface  disinfected  with  sublimate  solution,  after  which 
a  small  hole  is  made  through  the  shell  at  one  end,  b^^  use  of  a 
needle,  through  which  the  inoculation  needle  is  introduced, 
and  the  hole  closed  \)y  a  little  cotton  and  collodion. 

d.  Colored  nutrient  gelatin.  Noeggerath  prepares  the  fol- 
lowing mixture  of  concentrated  aqueous  solutions  of  aniline 
dyes,  representing  approximately  the  spectral  colors:  meth- 
ylene blue,  2  cc;  gentian  violet,  4  cc;  methyl  green,  1  cc; 
chrysoidin,  4  cc. ;  fuchsin,  5  cc,  diluted  with  200  cc.  water. 
This  is  allowed  to  stand  10  to  14  days.     Of  the  blue-black  or 
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dark  gray  fluid,  7  to  10  drops  are  added  to  each  10  cm.  of  pep- 
tonized g-elatin  (K.  P.  G.),  which  is  cooked  a  couple  of  times, 
poured  out  on  white  porcekiin  plates,  and  infected  by  scratch- 
cultures  (as  in  Fig".  29).  The  bacteria  by  their  growth  produce 
color  changes  in  the  gelatin,  which  can  be  used  for  diagnostic 
purposes.^ 

Filling  the  Culture  Vessels. 

So  far  as  serum,  bread,  and  rice-milk  are  concerned,  the 
process  has  been  already  described.  Only  the  gelatinizing 
media  need  closer  consideration.  These  are  stored,  like  culture 
fluids,  in  cotton-plugged  medicine  bottles  holding  150  to  250  cc. 
each.  It  is  convenient  to  have,  in  addition  to  these, 
smaller  reservoirs,  e.g.,  large  test-tubes,  so  that 
when  only  a  little  gelatin  is  needed  it  will  not  be 
necessary  to  open  a  large  flask,  since  each  time 
that  one  is  opened,  what  remains  in  it  must  be  re- 
sterilized  for  safety. 

When  the  contents  of  a  storage  bottle  are  to  be 
distributed  into  culture  glasses  they  are  melted  in 
the  water  bath,  or  better,  the  steam  cylinder.  Test- 
tubes  and  other  relatively  wide-mouthed  vessels  \/ 
can  be  filled  by  pouring  directly  from  the  bottle, 
or  better,  by  the  use  of  large  pipettes  (Fig.  IT). 
These  are  cleansed,  dried,  wrapped  in  paper,  and 
sterilized  in  the  usual  manner,  if  their  size  allows,  in 
the  dry  oven  at  150°  C,  otherwise  they  are  drawn 
back  and  forth  for  some  minutes  through  a  gas 
or  alcohol  flame.  To  avoid  contamination  of  the 
pipettes  when  they  are  laid  down,  they  may  be  sup- 
ported on  small  knife-benches  (Fig.  18),  such  as  are 
frequently  used  by  housekeepers,  the  upper  side  of 
which  is  cleansed  by  flaming  before  they  are  used. 
The  only  other  precautions  to  be  taken  are,  to  close 
the  tubes  as  quickly  as  possible,  and  to  see  that 
each  tube  is  filled  for  at  least  3  cm.  with  gelatin, 
and  that  the  top  of  the  tube  is  not  moistened  where  it  conies 
in  contact  with  the  cotton  plug,  or  the  latter  will  become 
fastened  to  the  glass.  When  flasks  with  a  narrow  neck  are 
to  be  filled,  this  is  best  done  by  aid  of  a  common  wash-bot- 
tle, sterilized  by  steam. 
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After  filling-,  the  giasses  are  finally  sterilized  in  tlie  steam 
C3'linder  for  five  or  ten  minutes.  If  this  apparatus  cannot  be 
used,  each  test-tube  or  flask  is  boiled  by  itself.  When  the 
g-elatin  has  solidified,  the  test-tubes  are  best  kept  b3^  wrap- 
ping a  few  together  in  paper,  by  which  the  surface,  and  espe- 
cially the  cotton,  is  kept  from  becoming-  dusty. 

After  standing  for  some  time,  the  gelatin  begins  to  dry 
out,  as  is  shown  by  the  sinking-  of  its  surface  at  the  middle  of 
the  tube.  When  a  needle  is  thrust  into  such  g-elatin,  it  does 
not  close  after  the  needle  is  withdrawn,  but  a  crack  forms, 
which  may  materially  modify  the  appearance  of  the  culture 
when  bacteria  eventually  develop  along  the  puncture.    Before 


Fig.  18.— Pipette  on  Knife-rest. 

it  is  used,  such  g-elatin  should  always  be  melted  and  allowed 
to  solidify  again. 

To  prevent  the  drying-  out  of  cultures  on  g-elatin  or  agar, 
Avhich  is  especially  rapid  when  they  are  kept  at  an  elevated 
temperature,  the  cotton-plugged  ends  of  the  tubes  may  be 
covered  with  small  rubber  caps.  Care  should  be  taken  that 
both  the  caps  and  the  cotton  plugs  are  absolutely  sterile,  or 
there  is.dang-er  of  the  cultures  becoming  contaminated.  Mould 
spores,  especially,  which  are  unable  to  g'erminate  in  the  un- 
capped and  therefore  dry  plug-s,  germinate  readil}^  in  the  moist 
cotton,  and  g-row  throug-h  it.  For  this  reason,  it  is  necessary 
to  singe  the  top  of  the  plugs,  and  to  carefull}^  disinfect  the 
rubber  caps  in  sublimate  immediately  before  putting-  them  in 
place.  The  drying  out  of  culture  can  also  be  prevented  by 
singeing-  the  cotton,  and  then  dipping  the  top  of  the  test- 
tubes  in  melted  paraffin,  which  quickly  hardens  in  an  air-tight 
layer. 


CHAPTEPv  IT. 

PURE  MATERIAL  FOR  CULTURES. 

It  has  been  shown  m  the  preceding-  chapters  that  it  is 
relatively  easy  to  sterilize  apparatus  and  nutrient  media,  as 
well  as  to  keep  them  sterile  for  an  unlimited  time.  The  only 
serious  difficulty  in  the  cultivation  of  bacteria  has  always  been 
connected  with  another  point — the  procuring-  of  pure  material 
for  starting-  the  cultures.  The  ubiquity  and  small  size  of  bac- 
teria have  necessitated  the  application  of  quite  peculiar  and 
complicated  methods.  Their  omnipresence  makes  it  hard  to 
avoid  foreig-n  g-erms,  while  their  minuteness  interferes  with 
the  sowing-  of  a  sing-le  g-erm,  as  is  done  in  the  cultivation  of 
hig-her  plants. 

For  certain  forms  of  fung'i  this  may  be  attained.  Thus, 
Brefeld  long-  since  (1874)  postulated  and  fulfilled  the  require- 
ments for  his  mould  cultures,  that  they  should  orig-inate  from 
a  sing-le  spore,  planted  under  microscopic  control;  and  in  1883 
Emil  Chr.  Hansen,  in  his  work  on  j^east,  which  is  so  full  of 
importance  for  breweries,  prepared  his  cultures,  which  demon- 
strabl}^  start  from  one  yeast-cell,  b^^  the  use  of  other  and 
better  methods  than  those  used  by  Brefeld. 

On  the  other  hand,  the  evanescent,  small,  and  little  charac- 
terized g-erms  of  bacteria  cannot,  as  a  rule,  be  handled  in  this 
way.  It  has  been  necessary  to  seize  upon  other  means  of  g-et- 
ting  pure  inoculation  material  for  cultures  of  these,  and  in 
1881  Koch  succeeded  in  a  simple  and  ing-enious  manner  in 
overcoming  the  difficulties  and  indicating-  a  way  of  isolating- 
bacteria  g-erms,  which  will  surely  remain  in  the  future  as  the 
chief  method. 

Before  we  proceed  to  a  description  of  Koch's  method, 
which,  with  various  modifications,  will  be  constantly  used  in 
the  work  that  follows,  we  must  briefly  consider  the  earlier 
methods  of  securing  pure  cultures,  not  only  because  of  their 
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historical  interest,  but  also  because  under  certain  circum- 
stances, notwithstanding  the  discovery  of  the  far  more  perfect 
process  of  Koch,  we  may  be  obliged  to  use  them,  or  may  find 
it  advantageous  to  do  so. 

All  of  the  methods  which  have  thus  far  been  used  for  se- 
curing pure  inoculation  material  may  be  arranged  in  two 
principal  groups:  A,  those  in  which  use  has  been  made  of 
physiological  differences  between  the  bacteria  for  separating 
them;  and  B,  those  in  which  the  actual  separation  of  the  germs 
from  one  another  is  used  as  the  means  of  isolation. 

A.  Use  of  Physiological  Differences. 

If,  for  instance,  one  virulent  form  exists  among  a  number 
of  non-parasitic  forms,  in  a  putrid  fluid,  it  may  be  obtained  in 
a  state  of  purity  by  the  inoculation  of  a  suitable  animal,  in 
the  blood  of  which  only  the  virulent  form  will  come  to  devel- 
opment while  the  others  die.  In  this  way,  from  putrid  blood, 
have  been  obtained  the  microbes  of  Pasteur's  rabbit-septicae- 
mia,  Koch's  mouse-septicaemia,  and  Davaine's  rabbit-septicae- 
mia. Or,  for  another  example:  according  to  Pasteur,  in  the 
blood  of  an  animal  dead  of  splenic  fever,  which  has  been  kept 
at  a  high  temperature,  or  which,  from  the  size  of  the  animal, 
has  cooled  slowly,  there  is  found,  so  soon  as  putrefaction  has 
set  in,  besides  the  anthrax  bacillus,  that  wiiich  he  has  called 
the  vibrion  septique  (which  is  identical  w^ith  Koch's  bacillus 
oedematis  maligni).  Pasteur  succeeded  in  isolating  these  two 
pathogenic  forms  by  utilizing  their  different  behavior  with 
respect  to  free  oxygen;  for  as  the  first  is  anaerobic  while  the 
second  is  aerobic,  and  both  grow  in  broth,  he  obtained  a  cul- 
ture of  one  or  the  other  by  sowing  the  blood  in  receptacles 
from  which  all  air  was  removed  and  kept  out  by  carbonic  acid 
(c/.  Chapter  YIII.),  or  in  an  ordinary  culture  vessel.  These 
examples  might  be  increased  by  many  more,  such  as  cultures 
in  acid  and  alkaline  media,  with  or  without  the  addition  of 
certain  antiseptics,  at  higher  or  lower  temperatures,  etc.;  but 
onl}^  two  of  the  methods  of  this  class  Avill  be  dwelt  upon  a 
little  more  fully,  A'iz. : 

1.  Klebs'  Fractional  Cultures  (1873). — A  fluid  in  which  a 
large  number  of  different  bacteria  live  and  thrive  together, 
will  necessarily  not  contain  an   equal   mixture  of   all   these 
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forms  at  every  point.  Some  of  the  quiescent  forms  will  sink 
to  the  bottom  or  adhere  to  the  sides,  while  others  can  move 
about  ever^^where  in  the  liquid.  Some  forms  will  form  super- 
ficial pellicles,  others  thrive  only  below  the  surface,  where 
there  is  less  oxygen.  Moreover,  according-  to  the  nature  of 
the  fluid,  some  forms  will  fill  it  with  great  rapidity,  and  far 
surpass  in  numbers  others  which  only  manage  to  lead  a  re- 
stricted existence  in  the  liquid.  If  a  verj^  small  quantity-  of 
such  a  fiuid  containing  bacteria  is  sown  in  a  culture  glass,  in 
all  probability  only  a  fcAV  forms  will  be  transferred,  and  these, 
less  equally  distributed,  will  develop  in  unequal  numbers.  If 
an  extremely  small  quantity  of  this  new  mixture,  containing 
fewer  forms,  is  again  transferred  to  a  new  culture  flask,  and 
this  process  is  repeated  several  times,  in  all  probability  a  point 
will  finalh'  be  reached  where  the  material  used  for  the  transfer 
is  absolutely  pure,  i.e.,  includes  only  a  single  kind  of  bacteria. 

This  method  has  only  slight  value,  and  it  is  especially  to 
be  observed  that  such  fractional  cultures  are  \)y  no  means  to 
be  counted  on  as  finally  giving  a  pure  culture  of  anj'  specified 
form  among  those  that  were  found  in  the  original  fiuid,  not 
even  that  form  which  was  most  abundant  there.  The  final 
product  is  often  only  one  of  the  most  widely  distributed  of  the 
common  putrefactive  bacteria,  which,  even  though  originally 
present  in  small  quantity,  easily  gains  the  advantage  of  the 
others.  Still  this  method  of  fractional  cultures  may  serve  a 
useful  purpose  now  and  then,  as  supplementary  to  others. 

2.  Cohivs  Heating  Method  (1876). — It  had  long  been  known 
that  various  organic  fluids  (milk,  hay-infusion,  infusion  of 
peas,  etc.),  notwithstanding  rather  long  cooking  and  the  ex- 
clusion of  germs  from  the  air,  became  the  seat  of  bacterian 
development,  and  adherents  of  the  theory  of  spontaneous  gen- 
eration had  repeatedly  taken  this  fact  as  favoring  their  doc- 
trine; but  it  was  flrst  shown  by  Cohn  in  1876,  in  a  series  of 
experiments  with  hay  infusion,  that  this  must  depend  upon 
the  extraordinarj^  resistance  of  certain  bacillus-spores  to  heat. 
The  boiling  heat  rapidl3'  destroyed  all  bacteria  without  spores, 
but  the  latter  (in  Cohn's  experiments  those  of  bacillus  sub- 
tilis)  where  not  killed — a  fact  which  Brefeld  also  showed  later 
by  direct  microscopic  observation  of  the  germination  of  the 
cooked  spores.  This  afforded  a  means  of  obtaining  pure  ma- 
terial of  certain  spore-forming  bacilli,  and,  as  a  rule,  a  pure 
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culture  of  bacillus  subtilis  can  be  obtained  without  difficulty 
in  the  following-  manner :  A  small  quantity  of  water  is  poured 
over  some  hay  in  a  flask,  which  is  kept  for  hours  at  30°  to  40° 
C.  (either  in  the  brood-oven,  or  directly  over  the  flame,  while  a 
thermometer  is  placed  in  the  fluid).  The  dark  reddish-brown 
infusion  is  diluted  with  distilled  water  until  it  reaches  a  clear 
g-olden  color  (s.  g".  1.006),  when  it  is  filtered  throug-h  muslin, 
neutralized  with  sodium  carbonate,  distributed  in  several  ves- 
sels plugg-ed  with  cotton,  and  cooked  for  ten  minutes,  after 
which  it  is  set  away  in  the  brood-oven  at  30°  to  40°  C.  In  the 
course  of  a  couple  of  days,  a  larg-er  or  smaller  number  of  the 
vessels  will  contain  a  g-rowth  of  bacillus  subtilis,  which  may 
be  known  by  the  fact  that  it  forms  a  firm  rig-id  film  on  the 
surface  of  the  liquid. 

It  must  be  remembered  that  among-  the  various  resistant 
spores  of  bacilli  there  is  a  g-reat  difference  in  their  ability  to 
endure  heat  of  100°  C.  Some  survive  only  a  very  few  moments 
of  cooking-,  while  others  bear  this  temperature  for  hours  {cf. 
Chapter  XII.).  The  limitations  of  this  method  are  indicated 
by  what  has  been  said.  It  is  possible  to  isolate  by  it  only 
those  bacilli  which  form  very  resistant  spores,  and  a  really 
pure  culture  is  obtained  with  certainty  only  when  the  boiled 
fluid  does  not  contain  several  different  forms  with  the  same 
power  of  resistance.  Still  there  will  be  exceptional  cases  in 
which  there  is  use  for  cooking-  as  an  aid  in  isolation. 

B.  Methods  by  Separation. 

1.  The  Capillary-tube  Metliod  (Salomonsen,  1876). — Greater 
success  has  been  reached  by  the  use  of  methods  in  which  an 
actual  separation  of  the  original  germs  is  secured.  The  oldest 
of  these  is  the  following-,  the  starting-  point  for  which  was  an 
observation  of  the  color  chang-es  in  putrefying-  blood.  During 
decomposition,  bright  red  ox  blood,  defibrinated  by  whipping, 
assumes  a  dark  red  or  red-brown  color,  which  is  partly  due  to 
the  removal  of  their  color  from  the  red  corpuscles,  partly  to 
deoxidation  of  the  oxyha^moglobin,  and  partly  to  other  chemi- 
cal processes.  If  the  blood,  immediately  after  being  defibrin- 
ated, is  set  away  in  a  cylindrical  glass  where  it  can  remain 
entirely  undisturbed  at  a  comparatively  low  temperature,  e.g., 
10°  C,  it  is  seen  that  the  change  of  color  begins  in  spots  here 
and  there  in  the  mass  of  blood.     A  closer  investigation  shows 
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Cylindrical 


that  these  putrefactive  blotches  are  due  to  bacteria  (or  moulds 
or  yeasts).  Next  the  bottom  (Fig-.  19),  where  the  crowded 
blood  discs  form  a  solid  mass,  in  which  the  bacteria  grow 
equally  in  all  directions,  the  spots  are  round,  clearly  defined, 
and  dark  red.  Above  (6)  they  are  elong-ated,  often  club- 
shaped,  less  clearly  outlined,  and  by  no  means  of  so  dark  a 
color.  Here  the  blood  discs  are  suspended 
in  a  relatively  large  quantity  of  serum, 
and  in  this  fluid  the  bacteria  have  been 
able  to  sink  uninterruptedh"  to  the  bottom, 
marking-  their  path  by  elong-ated  spots  or 
streaks. 

If  this  is  to  be  utilized  in  obtaining-  pure 
material  of  the  various  putrefactive  bac- 
teria which  grow  in  blood,  it  is  only  neces- 
sary to  draw  the  defibrinated  ox  blood  into 
long  capillary  glass  tubes  (50  to  GO  cm. 
long-  and  0.5  to  1  mm.  in  diameter),  and  to 
attach  these  to  strips  of  card-board  about 
3.5  cm.  wide,  by  means  of  a  drop  of  varnish 
at  each  end,  which  at  the  same  time  seals  Glass  containing  whipped 

Ox  Blood  showing  Punfl- 

them.     The  following- can  be  recommended  cation  Blotches.  a.Serum 
as  a   suitable   cement :   8   parts   of    rosin,  i^y^^"'  ^'  e'^^gated  discoi- 

orations;    c,    round    spots 

melted  with  2.5  parts  of  wax  while  the  and  precipitated  biood- 
mass  is  constantlj^  agitated.  Of  1  part  of  corpuscles, 
turpentine,  enough  is  added,  little  by  little,  so  that  a  drop  of 
the  melted  mass  quickly  solidifies  when  allowed  to  fall  on  a 
glass  plate.  Another  g-ood  cement  is  the  "Cire  Galoz"  (to 
be  had  of  Alvergniat  Freres,  10  Rue  de  la  Sorbonne,  Paris). 

They  are  then  laid  away  at  the  ordinary  temperature  of 
the  room,  for  daily  observation.  The  putrefaction  blotches 
will  soon  appear;  some  shortly  after  the  drawing-  of  the  blood, 
others  many  daj's  later;  some  spreading  with  extraordinary 
rapidity,  others  growing  only  slowly.  The  number  of  each 
spot  in  sequence,  the  time  of  its  appearance,  as  well  as  its 
g-rowth  from  day  to  day,  are  easily  noted  upon  the  card.  The 
growth  is  best  indicated  by  pencil  marks  clraAvn  every  morn- 
ing and  night  after  the  fashion  shown  in  Fig.  20.  This  illus- 
tration, which  shows  one  end  of  a  card  to  which  is  cemented 
a  capillary  tube  containing  three  putrefactive  sjjots,  renders 
further  description  unnecessary. 
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These  putrefaction  spots  come  from  the  bacterian  germs 
which  have  chanced  to  get  in  the  blood  after  its  removal  from 
the  animal,  so  that  in  one  lot  there  may  be  many  of  them,  in 
another  few;  but  each  spot  contains  only  a  single  sort  of  bac- 
teria, developed  from  one  germ.  Consequently',  when  the  dis- 
colorations  are  relatively  far  apart  in  the  tubes  so  that  they 
do  not  readily  become  confluent,  each  of  them  gives  a  small 
pure  culture,  from  which  pure  material  may  be  obtained  of  a 
specific  form  of  bacteria.  By  this  method,  a  mixed  putrefac- 
tion-flora was  first  separated  into  its  elements,  so  that  the 
number  of  germs,  the  time  of  their  development,  rapidity  of 
growth,  etc.,  could  be  graphically  represented. 

2.  By  Dilution  (Lister,  1878,  Naegeli,  1879).— This  method 
consists  in  diluting  a  fluid  containing  bacteria  with  sterile 


Fig.  20.— One  end  of  a  Pasteboard  Bearing  a  Capillary  Tube  Filled  with  Blood.  On  the 
card  are  noted  the  time  (10  A.— afternoon  of  10th  day;  9  M.— morning  of  the  9th  day),  when 
the  spots  aijpeared,  the  rapidity  of  iheir  growth  (indicated  by  the  length  of  the  lines),  and 
their  number  in  series  (/.,  //.,  V.) 

water  to  such  a  degree  that  a  given  quantity  of  the  mixture 
holds  only  one  germ,  and  in  using  such  an  initial  quantity 
for  inoculation.  In  the  culture -flask,  the  offspring-  of  this 
single  germ  forms  a  pure  culture. 

Counting  the  germs  in  the  original  fluid  is  effected  under 
the  microscope,  by  the  aid  of  instruments  similar  to  those 
used  for  counting  blood-discs.  From  this  the  number  of 
germs  in,  fbr  example,  0.05  cc.  of  the  fluid,  is  estimated,  and  b}^ 
aid  of  a  sterilized  graduated  pipette,  this  quantity  is  added  to 
enough  sterile  water  so  that  the  mixture,  after  careful  shak- 
ing, must  average  half  a  germ  for  each  0.05  cc.  When  by 
means  of  a  sterilized  graduated  pipette,  this  mixture  is  inocu- 
lated into  a  series  of  culture-vessels,  so  that  0.05  cc,  is  placed 
in  each,  half  of  the  glasses  will  not  show  any  development  of 
bacteria,  having  received  no  germs,  while  in  all  probability 
but  one  germ  will  have  been  placed  in  each  of  the  others, 
which  will  then  contain  a  pare  culture.     Lister  devised  and 


Bacteriological    TccJinology.  481 

used  this  method  for  obtaining-  pure  cultures  of  lactic  acid 
bacilli.  Naeg-eli,  independently,  cultivated  micrococcus  ureae 
hj  aid  of  the  method  of  dilution. 

3.  By  the  Use  of  Solid  {Especially  Gelatinized)  Media 
(Koch,  1881). — This  method  consists  in  the  isolation  of  the 
germs  upon  or  in  solid  culture-media,  where,  in  their  later  de- 
velopment, they  g-ive  rise  to  separated  colonies.  If,  in  a  flask 
like  that  shown  in  Fig-.  9,  VII,,  the  bottom  is  covered  with  a 
thin  layer  of  nutrient  g-elatin,  and,  after  melting-  this  at  about 
30°  C,  a  very  small  drop  of  fluid  containing-  bacteria  is  added 
and  thoroug-hh^  distributed  throug-h  the  g-elatin  by  careful 
shaking-  {cf.  Chapter  VII.),  and  after  solidif^^ing-,  the  mixture 
is  set  aside  at  room  temperature,  after  a  time  small  colonies 
will  appear  at  the  surface  of  the  g-elatin.  Each  comes  from 
one  g-erm,  so  that  pure  material  for  inoculation  is  obtained. 

This  is  but  one  of  the  many  forms  in  which  the  method  of 
Koch  may  be  used.  In  a  subsequent  chapter,  dealing-  with 
bacteriolog-ical  analysis,  the  method  Avill  be  treated  particu- 
larly and  in  detail. 

By  aid  of  these  methods,  pure  inoculation  material  can 
comparatively  easily  be  obtained  of  all  aerobic  bacteria  [cf. 
Chapter  VIII.)  which  it  is  chiefly  necessary  to  cultivate.  It 
remains  only  to  consider  the  best  way  of  transferring-  this  to 
the  culture  apparatus. 


CHAPTER  T. 

INOCULATING  CULTURES. 

The  transfer  of  pure  material  to  one  of  the  culture  vessels 
that  have  been  described,  is  comparativelj''  easy.  The  neces- 
sary opening-  of  the  different  vessels,  and  the  transportation 
of  the  inoculation  material  through  the  air  necessarily  entails 
danger  of  contamination.  But  this  danger  is  very  small,  and 
if  the  work  is  done  rapidl}^  and  carefully,  the  transfer  is  un- 
successful in  a  very  insignificant  number  of  cases. 

The  instruments  needed  are:  1,  Platinum  needles  (Koch), 
long  capillary  tubes  of  glass,  Pasteur  pipettes,  and  g-lass 
needles. 

1.  The  xjlatinum  needle  consists  of  a  glass  rod  about  27 
cm.  long-  and  4  or  5  mm.  thick,  in  one  end  of  which  a  piece  of 
platinum  wire  about  3  cm.  long  is  melted  as  shown  in  Fig-.  21. 
Just  before  use,  the  surface  of  the  glass  rod  is  flamed,  and  the 
platinum  wire  broug-ht  to  redness  throughout  its  entire  leiig-th. 
When,  after  a  few  seconds,  it  has  cooled  sufficiently,  this  is 
brought  in  contact  with  the  material  to  be  transferred,  and 
quickly  brought  into  the  culture  medium. 

It  is  usual  to  have  at  hand  some  cxuite  thin  needles,  and 
some  which  are  a  little  thicker.  An  advantage  of  the  former 
is  that  they  cool  quickly,  while  the  latter  are  less  flexible  and 
can  for  this  reason  be  used  when  the  needle  is  to  be  thrust 
into  more  resistant  substances,  e.g.,  liver  or  lung  (or  Avhen  it 
is  necessary  to  appl}^  considerable  lateral  pressure,  as  in  dis- 
tributing a  colony  of  the  tubercle  bacillus  over  ag-ar,  etc.). 

For  certain  cases,  the  platinum  wire  may  be  specially 
shaped.  Small  loops  (Fig.  21,  6)  insure  the  adhesion  of  larg-er 
quantities  of  the  inoculation  material.  A  large  loop  (c), 
catches  a  good-sized  drop.  It  is  bent  at  a  right  angle  {d), 
when  one  wishes  to  scratch  the  material  into  the  surface  of  the 
gelatin  (c/.  what  is  said  elsewhere  about  cultures  on  potato, 
slides,  etc.). 
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When  the  inoculation  must  occur  through  a  relatively 
small  opening',  through  which  the 
glass  I'od  can  be  passed  with  diffi- 
culty or  not  at  all,  a  sufficiently  long 
piece  of  platinum  wire  can  be  used, 
or  small  pieces  (5  or  6  mm.  long)  are 
emploj'cd  by  seizing  them  with  ster- 
ilized forceps,  glowing  them,  bringing 
them  in  contact  with  the  inoculation 
material,  and  dropping  them  through 
the  small  opening  into  the  culture 
flask.  Capillarj^  tubes  and  glass  nee- 
dles can,  of  course,  also  be  used  in 
such  cases. 

2,  Capillary  tubes  usually  have  a 
length  of  20-25  cm.  and  are  closed  by 
melting  at  both  ends.  Before  being 
used,  one  end  is  broken  off,  the  surface 
is  flamed,  and  the  open  end  dipped  into 
the  fluid  to  be  sown,  when  the  other 
end  is  broken,  upon  which  the  fluid 
rises  into  the  tube.  The  contents  are 
blown  out  into  the  culture-vessel  to 
be  used ;  care  being  taken  not  to  blow 
all  out,  but  to  leave  a  little  fluid  in  the 
tube,  thus  preventing  contamination 
from  the  air  blown  in. 

3.  Pasteur  pipettes  consist,  as  is 
show-n  in  Fig,  22,  of  a  piece  of  glass 
tubing,  one  end  of  which  is  closed  by 
a  cotton  plug,  which  must  not  project 
beyond  the  glass,  w^hile  the  other  end 
is  drawm  out  into  a  capillary  tube 
f  ased  at  the  end.  The  plugged  tubes 
are  sterilized  at  150°  C  Before  being 
used,  the  sealed  end  of  the  tube  is 
broken  off,  and  this  part  of  the  glass 
is  flamed.  The  tube  is  filled  by  suc- 
tion, and  emptied  by  blowing  the  fluid 
out.  These  pipettes  have  the  advan- 
tage over  capillary  tubes  of  being  more  capacious,  and  they 
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can  be  used  as  culture-g-lasses  by  reclosing  the  capillar^'- 
extremity  by  heat  immediately  after  filling-.  See  also  Chap- 
ter XL 

4.  Glass  needles,  i.e.,  glass  rods  drawn  out  into  a  very 
slender  thread  at  one  end  for  about  15  cm.,  are  better  than 
platinum  needles  in  their  perfect  smoothness  and  rigidity', 
which  may  occasionally  be  of  importance,  as  in  making  thrust- 
cultures  of  anaerobic  forms,  where  it  is  wished  to  avoid  intro- 
ducing small  air-bubbles  into  the  gelatin. 

One  can  easily  make  these  inoculation  instruments  for 
himself  by  using-  an  ordinary  Bunsen  burner  or  a  good  spirit 
lamp.  A  glass-blower's  outfit  naturally  lessens  the  work,  but 
it  is  not  necessary. 

For  platinum  needles,  a  glass  rod  about  4  mm.  in  diameter 
is  divided  into  pieces  25  or  30  cm.  long,  by  slightly  marking  it 
at  the  proper  points  with  a  triang-ular  file,  when  by  steadily 
pulling  the  glass  in  opposite  directions  at  each  side  of  the 
scratch,  with  a  slight  side  motion,  it  is  easily  and  evenly 
broken  at  the  desired  spot.  The  end  of  a  piece  into  which  the 
needle  is  to  be  fastened  is  rotated  in  the  flame  with  the  left 
hand,  until  it  becomes  red  and  soft,  while  a  piece  of  wire  of 
the  right  leng'th,  grasped  some  5  mm.  from  one  end  in  a  pair 
of  forceps,  is  brought  to  a  white  heat  at  this  end  and  carefully 
thrust  lengthwise  into  the  softened  glass,  which  is  then  al- 
lowed to  cool  gradually,  being  held  for  a  few  seconds  close  to 
the  flame.  The  other  end  of  the  glass  is  finally  rounded  off 
^QY  heating  it  to  redness,  rotating  it  meantime. 

A  glass  tube  6  or  8  mm.  in  diameter  is  easily  drawn  into 
capillary  tubes  in  the  following  manner :  The  tube  is  heated 
to  redness  for  a  short  distance  (1-2  cm.),  while  being  rapidly 
revolved  about  its  axis,  until  it  becomes  thoroughlj^  softened, 
when  it  is  removed  from  the  flame  and  drawn  into  a  tube 
about  six  feet  long,  which  is  melted  ofi'  from  the  thicker  glass 
at  each  end.  In  the  same  way,  by  aid  of  the  flame,  the  long 
capillary  tube  is  divided  into  pieces  of  the  leng-th  indicated 
above,  which  are  at  the  same  time  hermetically  sealed  at  the 
ends.  The  strong  heating  of  the  glass,  and  the  sealing  of  the 
tube  which  immediately  follows,  insure  freedom  from  germs. 
The  larger  the  original  tube  the  greater  the  length  for  which 
it  is  melted,  and  the  slower  it  is  drawn  out  or  the  shorter  the 
leng-th  of  the  capillary  tube  the  coarser  this  will  be,  and  con- 
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versely.     This  being*  borne  in  mind,  it  is  easA'  to  experiment 
until  a  tube  ol"  the  diameter  wished  in  a  given  case  is  obtained. 

Pasteur  pipettes  are  made  by  dividing-  a  g-lass  tube  into 
pieces  15  cm.  long,  by  aid  of  a  file.  Each  piece  is  then  heated 
in  the  middle  while  being"  revolved,  and  drawn  out  in  the 
manner  already  described  into  a  capillary  portion  about  30  cm. 
long:,  which  is  then  melted  and  sealed  at  the  middle,  making- 
two  pipettes.  The  sharp  edges  of  the  other  ends  are  rounded 
off  by  briefl}^  giowing-  in  the  flame.  After  they  are  cooled, 
the^'  are  plug-g-ed  with  cotton,  and  finally  sterilized  at  150°  C. 

Glass  needles  are  drawn  out  in  the 
same  way,  solid  rods  being"  used  instead 
of  tubing-. 

To  indicate  the  many  little  manip- 
ulations necessarj^  in  making-  a  pure 
transfer,  a  detailed  account  is  here  given 
of  (a)  the  inoculation  of  gelatin  in  a 
test-tube  by  use  of  the  needle,  and  (b) 
the  inoculation  of  fluid  in  a  narrow- 
necked  flask,  by  the  use  of  small  pieces 
of  wire. 

a.  Several  tubes  of  gelatin  that  has 
not  dried  out  too  much  (c/.  p.  474)  are 
chosen,  and  the  cotton  plugs  are  tested 
by  twisting  them  several  times  to  be 
sure  that  they  are  not  glued  fast  to  the 
glass.  The  needle  is  sterilized  as  indi- 
cated above.  After  allowing  it  to  cool 
for  a  couple  of  minutes,  the  tube  from  which  the  transfer  is  to 
be  made  is  opened  by  removing  the  plug"  by  a  twisting  motion 
which  causes  any  fibres  that  may  have  adhered  to  the  glass  to 
lie  out  of  the  way  of  the  needle.  The  tube  is  held  with  the  top 
upward,  or  inverted,  according  as  the  bacteria  growing  in  it 
have  liquefied  the  gelatin  or  not.  The  removed  plug  is  held 
so  that  the  part  of  it  which  comes  in  contact  with  the  inner 
face  of  the  glass  shall  not  touch  anything"  by  Avhich  it  might 
be  contaminated.  The  needle  is  now  quickly  plunged  into  the 
culture,  removed,  and  the  plug  replaced.  (As  a  rule  only  tlie 
tip  of  the  needle  is  brought  in  contact  with  the  culture,  a  sufii- 
cient  number  of  germs  will  al  wa3's  adhere  to  it.  If  for  any  rea- 
son a  large  quantity  is  to  be  transferred,  loops  such  as  are 


Fig.  23.— Inoculating  a  Test- 
tube  of  Gelatin. 
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shown  in  Fig-.  22,  h  c  are  used.)  The  tube  to  be  inoculated, 
held  in  an  inverted  position  (Fig-.  23),  is  now  quickly  opened 
with  the  same  twisting-  motion,  the  needle  is  rapidly  thrust 
into  the  g-elatin  at  one  or  more  points,  the  plug-  replaced, 
and  the  needle  at  once  sterilized  by  g-lowing-.  A  label  contain- 
ing record  of  date,  source  of  material  used,  etc.,  is  then  pasted 
upon  the  tube. 

h.  The  surface  of  the  flask  is  carefully  dried,  after  which 
the  lower  part  of  the  rubber  tube  and  the  contiguous  part  of 
the  neck  are  flamed  by  use  of  a  burner  or  alcohol  lamp,  and 
the  rubber  is  slipped  up  a  little,  so  that  it  can  easily  be  re- 
moved by  one  hand.  Sterflized  forceps  are  placed  upon  glass 
benches  (Fig-.  18)  or  in  a  shallow  g-lass.  Small  pieces  of  plati- 
num wire  are  kept  ready  in  a  giass  tray.  One  of  these  is 
g-rasped  by  one  end  with  the  forceps,  at  rig-ht  ang-les  to  its 
axis.  The  wire  is  brought  to  a  red  heat,  allowed  to  cool,  and 
plunged  into  the  colony  of  bacteria,  etc.,  from  which  the  trans- 
fer is  to  be  made.  With  the  left  hand,  the  flask  is  now  quickly 
opened,  the  wire  dropped  into  the  narrow  opening,  the  cap 
firmly  replaced,  and  a  label  prepared. 


CHAPTER  YI. 

BROOD-OVENS  AND  THERMO-REGULATORS. 

A  MAJORITY  of  the  bacteria  known  and  cultivated  up  to  the 
present  time  thrive  at  the  ordinary  temperature  of  a  room 
(15°  to  20°  C).  Consequently  if  it  is  only  desired  to  keep  cul- 
tures g'oing-  and  to  observe  their  growth,  it  usually  suffices  to 
set  them  aside  in  a  living-  room.  For  preserving-  cultures  for 
a  long-  time,  especially  as  museum  specimens,  Soyka  recom- 
mends inoculating-  solid  media  in  the  small  g-lass  boxes  shown 
in  Fig-ure  11,  which  are  then  carefully  sealed  with  paraffin.  By 
this  means  he  succeeds  in  checking-  the  g-rowth  of  the  colony 
at  a  certain  point  of  its  development,  while  the  capability  of 
germination  is  preserved,  and  drying*  out  is  hindered.  For 
details  see  "Zeitschr.  f.  Hygiene,"  1S88.  After  a  shorter  or 
long-er  incubation  period,  they  will  be  seen  to  start  into 
g-rowth,  and  even  by  the  naked  eye  it  is  possible  to  observe 
the  g-reat  dissimilarity  which  often  exists  between  cultures  of 
different  bacteria.  Even  in  1880,  when  fluid  cultures  were 
almost  exclusively  used,  I  noticed  in  detail  the  microscopic 
differences  that  cultures  often  present,  and  called  attention 
to  their  indications  in  judg-ing-  of  the  puritj^  of  a  culture,  and 
the  diag"nosis  of  bacteria,  which  was  sometimes  more  easih' 
made  by  the  naked  eye  than  microscopicall3\  When,  later, 
Koch's  g-elatin  cultures  came  into  use,  still  more  occasion 
was  offered  for  the  observation  of  evident  microscopic  differ- 
ences between  cultures  of  bacteria,  such,  for  instance,  as  are 
shown  in  Fig-ures  42  and  69.  Sometimes  it  is  ver^*^  necessary 
to  cultivate  bacteria  at  a  higher  and  more  uniform  tempera- 
ture than  that  usual  in  our  living  rooms,  for  some  forms  de- 
velop quickly  only  at  higher  temperatures,  others  never  thrive 
below  30°  C,  and  some  species  demand  heat  for  the  produc- 
tion of  spores.  Moreover,  indeed,  as  Pasteur  first  showed, 
cultivation  at  a  high  temperature  may  change  the  phj^siolog- 
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ical  character  of  bacteria,  and  is  used  in  the  fabrication  of 
"  vaccines/'  It  may  also  be  frequently  desirable  to  cultivate 
a  micro-organism  for  a  long-  time  at  a  constant  temperature, 
whatever  this  may  be. 

Hence  are  used  thermostats  or  brood-ovens,  in  which  the 
temperature  is  held  unchanged  for  weeks  or  months  at  the  same 


Fig.  24. — ^Brood-oven  Covered  with  Felt,  and  Controlled  by  a  Thenno-regulator. 

point.  The  maintenance  of  a  constant  temperature  is  beset 
with  certain  difficulties.  The  changes  in  temperature  of  the 
room  in  which  the  thermostat  stands  is  disturbing;  to  coun- 
teract them  the  brood-oven  is  inclosed  in  as  thick  a  layer  of 
some  non-conducting  material  as  possible,  and  set  up  in  a  cellar 
or  similar  place,  where  the  temperature  changes  but  little. 
Variations  in  the  strength  of  the  source  of  heat  used  also  act 
in  the  same  way,  as  is  especially  evident  when  gas  is  used, 
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since  the  g-as  pressure  may  var}^  much  in  the  course  of  the  day. 
Tliis  may  he  ohviated  by  tlie  use  of  pressure-reg-ulators  and 
thermo-reg-ulators  of  various  construction. 

A  serviceable  small  thermostat,  comparatively  cheap,  and 
self-reg-ulating-,  is  shown  in  Figure  24.  It  is  a  quadrangular 
box  of  zinc  or -copper,  set  upon  a  strap-iron  support  with  legs 
about  24  cm.  high.  The  top  and  bottom,  as  well  as  three  of 
the  side  walls  are  double,  and  the  space  between  them,  which 
is  2  to  2.5  cm.  wide,  can  be  entirely  filled  with  water  through 
the  opening-  (a),  which  is  afterward  closed  by  ^  cork.  The 
fourth  side  is  smgie,  and  serves  as  a  door..  In  the  centre  of 
the  top,  an  open  tube  3  cm.  in  diameter  is  fastened  into  the 
wall,  piercing-  it.  Into  this  by  aid  of  a  perforated  cork,  a  ther- 
mometer (6)  is  set,  which  projecting-  into  the  interior  of  the 
box,  can  be  examined  without  the  necessity  of  opening-  the 
thermostat.  Usually  a  thermometer  is  also  kept  entirely  in 
the  thermostat,  standing-  in  a  vessel  filled  with  oil,  which 
prevents  the  mercury  from  sinking  too  rapidly  when  the  g-lass 
is  removed  to  observe  the  temperature.  On  the  inner  face  of 
the  two  side  walls  are  fastened  a  number  of  small  ledges  {cc) 
on  which  g-lass  or  tin  shelves  may  be  laid  to  provide  support 
for  a  large  number  of  low^  objects.  The  outside  of  the  box  is 
covered  with  felt,  and  provided  with  a  g-lass  tube  for  showing- 
the  height  of  the  water  {d),  and  a  faucet  (e).  It  is  heated  by 
a  Bunsen  burner,  the  tube  of  which  has  been  removed,  so  that 
it  gives  a  pointed  white  flame,  which  permits  the  flame  to  be 
reduced  to  a  minimum  with  no  danger  that  it  will  "snap 
back."  [If  the  brood-oven  is  to  be  kept  but  little  above  the 
room  temperature,  there  is  some  danger  that  the  flame  may 
occasionally  go  out,  allowing  the  escape  of  a  large  quantity 
of  gas  into  the  room  before  it  is  discovered.  For  this  reason, 
the  safety'  burner  devised  by  Koch,  and  to  be  had  of  dealers 
in  bacteriological  apparatus,  though  somewhat  expensive,  is 
to  be  strongly  recommended,  since  it  promptly*  and  automati- 
cally cuts  off'  the  supply  of  gas  in  case  such  an  accident 
occurs. — W.  T.]  The  temperature  is  held  at  a  constant  point 
by  the  use  of  the  regulator  {g),  which  is  passed  into  the  water- 
filled  space  through  an  opening  at  h.  Two  generally  used  and 
good  types  of  thermo-regulator  are  shown  in  Figures  25  and 
26,  Rohrbeck's  (Fig.  25)  is  especially  to  be  recommended. 
Reichert's  latest  regulator  is  shown  in  Figure  26.     The  gas 
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enters  at  a,  passes  throug-h  the  opening-  h,  and  out  toward  the 
burner  at  c.  The  column  of  mercury  is  adjustable  by  the 
screw  d.  In  case  this  should  rise  so  as  to  entirely  close  the 
opening-  h,  the  flame  is  not  exting-uished,  for  a  minute  opening- 
is  provided  in  the  T-shaped  tube  at  e,  which  permits  the  pas- 
sage of  just  enough  gas  to  keep  the  flame  alive,  without  heat- 
ing- the  thermostat  appreciably.     The  right  size  of  this  pin- 


FiG.  25.  -Rohrbeck's   Fig.  26.-  Reichert's 
Thermo-regulater.      Thermo-regulator. 


Fig.  27. — Bohr's  Thermo-regulator. 


hole  is  reached  when  the  gas  passing-  through  it  burns  with  a 
perfectly  blue  flame. 

Rohrbeck's  modification  of  tlie  Lothar-Meyer  reg-ulator,  is 
shown  in  Fig.  25.  It  is  much  more  sensitive  than  the  Reichert 
instrument,  since  it  is  regulated  by  mercury  and  ether,  the 
vapor  of  which  changes  in  tension  comparatively  strongly 
with  slight  changes  of  temperature.  The  gas  enters  at  a, 
traverses  the  tube  d,  in  which  at  the  bottom  an  acute,  sharp- 
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ang'led  triang-ular  opening-  (6)  is  made,  and  passes  out  toward 
the  burner  at  c.  Tlie  mercury  is  indicated  by  line-shading-, 
vapor  of  etlier  fills  the  chamber  g  [which  is  limited  by  a  g-lass 
diaphragm  hi,  prolonged  downward  into  a  tube  open  at  the 
bottom,  which  plunges  well  into  the  mercury].  When  the  ap- 
paratus is  warmed,  the  mercury  is  forced  by  the  expanding- 
ether-vapor  into  the  tube  lili,  say  to  tlie  dotted  line  i,  so  as  to 
partly  close  the  triangular  opening,  which  is  then  enlarg-ed 
or  diminished  according  as  the  mercur^^  falls  or  rises.  From 
the  form  of  the  opening-,  and  its  sharp  angles,  this  adjustment 
occurs  very  uniformly.  The  first  adjustment  of  the  apparatus 
is  effected  by  sliding  the  tube  d  up  or  down  through  the  bored 
cork  by  which  it  is  adapted  to  the  larger  tube.  Fig-.  25  show 
the  regulator  in  its  cheapest  form.  There  is  also  a  more  im- 
proved form,  in  which  the  tube  d  is  of  steel,  and  adjustable  by 
a  fine  screw  (Fig.  24,  (/). 

A  regulator  constructed  by  Bohr  (Fig.  27),  offers  consider- 
able advantages  as  compared  with  these  commonly  used 
models.  The  reservoir  a,  filled  with  air,  is  brought,  with  its 
stopcock  h  open,  into  the  chamber  that  is  to  be  kept  under 
control.  Shortly  before  the  desired  temperature  is  reached, 
the  cock  h  is  closed,  after  which  cA^ery  rise  of  temperature, 
however  small,  will  cause  an  expansion  of  the  air  in  a  and  a 
displacement  of  the  column  of  mercury,  which  closes  the  open- 
ing' d,  allowing  the  g-as  to  pass  only  through  the  reserve  open- 
ing- e.  It  must  be  seen  that  the  inside  of  the  reservoir  a  is 
not  damp  when  the  apparatus  is  put  in  use.  Enough  mercury 
is  poured  in  throug-h  /  to  reach  as  high  as  d,  so  that  this  open- 
ing- is  entirely  closed  by  a  slight  displacement  of  the  mercury. 
It  is  advantageous  to  have  the  U-shaped  tube  constricted  at  c. 

In  addition  to  its  great  simplicit^^  the  Bohr  reg'ulator  is 
superior  to  those  previously  described  in  that  the  same  in- 
strument can  be  used  at  any  desired  temperature  below  the 
melting-point  of  the  glass,  and  is  adjusted  for  anj"  tempera- 
ture with  extreme  ease.  It  is  also  equally  sensitive  for  all 
temperatures.  The  influence  that  considerable  barometric 
changes  exert  on  it  (as  well  as  on  the  Rohrbeck  model)  is 
readily  compensated  by  opening-  the  cock  (6)  for  a  moment. 
It  further  deserves  mention,  that  by  Bohr's  regulator  a  con- 
stant mean  temperature  can  be  maintained  in  larger  spaces, 
since  the  reservoir  a  may  be  given  any  desired  form  and  size; 
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or  a  long-  lead  tube  with  one  end  hermetically  sealed  (pinched 
or  melted  together)  may  be  used  as  a  reservoir,  passing"  into 
various  parts  of  the  chamber. 

A  thermostat  of  this  construction,  with  regulator,  will  gen- 
erally be  sufficient  even  for  finer  experiments,  which  demand 
a  constant  temperature  during  months.  In  most  cases,  how- 
ever, we  need  only  to  haA^e  a  chamber  in  which  bacteria  can 
be  grown  at  something  above  30°  C,  and  for  this  a  thermo- 
stat is  perfectly  good  and  useful,  even  if  it  varies  a  few  degrees 
in  the  course  of  the  day.  If  too  much  is  not  required,  the  reg- 
ulator may  be  entirely  dispensed  with,  and  an  ordinary  gas, 
petroleum,  spirit,  or  oil  flame  used.  Of  these  four  sources  of 
heat,  the  first  and  last  are  unconditionally  to  be  recommended. 
In  case  the  apparatus  is  to  be  kept  in  our  working  room, 
petroleuin  is  less  satisfactory  because  of  its  ill-odor,  independ- 
ently of  the  greater  danger  from  fire.  Alcohol  is  better  than 
[lard]-oil  only  in  giving  a  flame  free  from  smoke,  while  oil  is 
cheaper  and  requires  less  care  in  its  use. 

It  is  naturally  most  convenient  to  use  gas  when  this  is  at 
hand  in  the  room.  Since  the  g'as  flame  as  a  rule  needs  to  be 
only  small,  when  a  small  thermostat  standing  in  an  inhabited 
room  is  to  be  kept  at  30°  to  40°  C,  a  pointed  yellow  flame  is 
always  to  be  used  (c/.  p.  489).  By  a  few  days'  experimenting, 
the  proper  height  of  the  flame  is  ascertained,  and  when  the 
temperature  of  the  surrounding  air  does  not  vary  too  much 
this  affords  a  good  guide.  A  regular  periodical  change  in  the 
gas  pressure,  as  at  night,  is  easily  compensated  for  bj'  slightly 
raising  or  lowering  the  burner  each  day  at  the  nee  jssary 
time. 

If  one  is  unable  or  unwilling  to  use  gas,  [lard]- oil  is  to  be 
recommended,  especially  if  used  as  shown  in  Fig.  28.  A  large 
basin  is  filled  to  within  a  couple  of  centimetres  of  the  top  with 
water  {d).  Over  this  is  poured  carefully  a  layer  of  oil  2  cm. 
deep  (c),  upon  which  are  placed  one  or  several  small  floats  (/) 
with  wicks,  such  as  are  used  on  the  continent  for  night-lamps. 
Such  a  floating  burner  gives  an  especially  constant  heat.  As 
the  flame  cannot  be  changed  in  size,  it  is  necessary  to  find 
the  right  distance  between  it  and  the  thermostat;  and  since 
this  must  be  kept  as  nearly  constant  as  possible  throughout 
the  day,  it  is  usual  to  employ  a  large  boAvl  and  a  thin  laj^er  of 
oil,  so  that  the  wick  shall  not  recede  too  far  from  the  bottom 
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of  the  brood-oven  as  the  oil  is  used  up.     The  small  wicks  are 
renewed  morning  and  evening*. 

In  Fig-ure  28  is  shown  a  still  cheaper  thermostat  than  that 
represented  in  Fig".  24.  It  has  no  regulator,  no  tube  for  show- 
ing the  height  of  water,  no  faucet  for  removing  this,  and  no 
attached  covering  of  felt.     But  it  can  at  any  time  be  easily 


Fig.  28. — Simple  Brood-oven  Heated  by  an  Oil-lamp 


covered  by  rectangular  pieces  of  felt  or  flat  sheets  of  cotton- 
batting,  of  which  four  can  be  sewed  together  at  their  edges, 
while  the  fifth,  over  the  door,  is  fastened  onh'  by  its  top  to  the 
upper  piece,  so  that  it  can  be  lifted  when  the  door  is  to  be 
opened,  while  it  is  tied  to  the  side  pieces  when  the  door  is 
closed. 


CHAPTER  YII. 

BACTERIOLOGICAL  ANALYSIS  OF  FLUID,  SOLID,  AND 
GASEOUS  SUBSTANCES;  ESPECIALLY  OF  WATER,  THE 
SOIL,   AND  AIR. 

Microscopic  investigation  shows  very  incompletelj'-  what 
living-  germs  are  present  in  a  preparation.  Different  appear- 
ing micro-organisms  may  represent  different  stages  in  the  de- 
velopment of  a  single  species,  and  bacteria  which  look  quite 
identical  may  belong  to  entirely  different  species.  Moreover, 
all  germs  of  bacteria  are  by  no  means  recognizable  as  such 
under  the  microscope;  and  the  living  are  not  certainly  distin- 
guishable from  the  dead.  If  the  question  is  merely  whether 
some  specified  virulent  form  occurs  in  a  sample  of  earth  or 
water,  in  case  this  form  is  pathogenic  for  animals,  the  most 
direct  answer  will  be  obtained  by  inoculation.  Water  is  sub- 
cutaneously  injected  into  a  suitable  animal.  Earth  is  placed 
in  a  little  pocket  made  in  the  subcutaneous  tissue.  Bacteria 
from  the  air  are  first  collected  in  a  sterilized  filter  of  sand  (c/. 
analj'sis  of  air),  which  is  then  introduced  into  such  a  pocket. 
But  a  satisfactory  bacteriological  analysis  cannot  to-day  be 
made  without  recourse  to  cultures.  It  is  of  especial  interest 
for  the  physician  to  know  these  methods,  since  they  afford 
the  most  important  introduction  to  hygienic  investigation  of 
water,  earth,  and  air.  Since  the  discovery  of  the  cholera 
spirillum  they  have  also  been  included  among  the  best 
methods  of  chnical  investigation.  An  exhaustive  bacteriolog- 
ical investigation  includes  a  determination  of  the  number  of 
bacteria  present,  as  well  as  their  identification;  but  for  easily 
understood  reasons,  in  both  hygienic  and  clinical  investiga- 
tions, qualitative  analysis  is  most  frequently  of  entirely 
greater  importance  than  quantitative. 
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A.  Liquids. 
(With  especial  reference  to  water  analysis.) 

All  of  the  methods  indicated  in  Chapter  IV.  may  find  ap- 
plication in  the  bacteriological  analysis  of  fluids.  Of  these, 
Ave  usualh'  resort  to  dilution,  and  isolating-  the  germs  in  nutri- 
ent gelatin,  as  the  two  principal  methods. 

The  latter,  first  indicatetl  by  Koch,  and  developed  by  him 
to  a  high  degree  of  completeness,  is  alone  sufficient  in  by  far 
the  greater  number  of  cases,  and  consequently  will  be  treated 
here  in  detail.  Koch's  method  consists  in  mingling  the  fluid 
containing  germs  Avith  liqviefied  gelatin,  which  is  then  spread 
in  a  thin  layer  and  allowed  to  solidify,  being  protected  from 
atmospheric  contamination.  The  mixing  and  spreading  can 
obviously  be  eff'ected  in  a  great  variety  of  receptacles,  among 
which  are  four  deserving  especial  attention. 

a.  Conical  Flasks. — A  medium-sized  flask  (Fig.  9,  VIL) 
containing  a  thin  layer  of  gelatin  in  the  bottom  is  warmed  just 
enough  to  melt  the  gelatin  (over-heating  may  destroy  the 
bacterian  germs).  By  aid  of  a  needle  or  pipette,  a  small 
quantity  of  the  liquid  to  be  analyzed  is  then  added,  with  the 
greatest  i^ossible  rapidity  and  care.  The  two  are  carefully 
mingled,  but  without  shaking,  which  might  cause  the  forma- 
tion of  bubbles.  To  avoid  this,  the  flask  is  held  upright,  and 
several  times  carried  around  a  large  circle  in  a  horizontal 
plane.  The  fluid  is  set  in  so  active  movement  by  centrifugal 
force  that  the  commingling  is  perfect,  without  the  introduc- 
tion of  bubbles  into  the  gelatin,  which  is  then  allowed  to  solid- 
ify. This  is  one  of  the  simplest  and  surest  methods  hy  which 
a  Koch  isolation-culture  can  be  made.  One  disadvantage 
attends  it,  viz. :  the  isolated  colonies  are  not  accessible,  in  the 
flask,  for  microscopic  investigation,  and  less  accessible  for  ex- 
amination by  the  naked  eye  or  with  a  lens  than  in  the  follow- 
ing cases. 

b.  Test-tubes.— 'The  mixtui-e  can  also  be  effected  in  a  test- 
tube,  on  the  inside  of  Avhich  the  gelatin  is  then  allowed  to 
harden  in  a  thin  layer  (von  Esmarch).  For  such  "roll-cul- 
tures," Avide  tubes  are  best,  Avith  about  10  cc.  of  nutrient  gela- 
tin.    ISTaturally,  one  may  add  the  fluid  as  indicated  in  Chap- 
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ter  v.,  and  subsequently  melt  the  gelatin  over  a  water  bath, 
or  this  may  be  done  first.  The  ming'ling  of  the  two  is  effected 
as  in  a.  The  distribution  of  the  gelatin  over  the  wall  of  the 
tube  is  secured  simultaneously  with  its  hardening  in  the  fol- 
lowing manner:  The  projecting  portion  of  the  cotton  plug  is 
clipped  or  singed  off,  and  the  whole  covered  with  a  tight-fitting 
rubber  cap  to  keep  the  cotton  dr}-,  and  the  tube  laid  in  a  dish 
of  cold  water,  preferably  ice-water.  While  the  tube  floats  on 
the  water,  it  is  kept  with  one  hand  as  nearly  horizontal  as 
possible,  while  with  the  other  it  is  rotated  until  the  gelatin 
has  become  solid  in  a  uniform  la^^er  over  the  entire  inside  of 
the  tube,  which  is  then  dried  off  and  the  rubber  cap  removed. 
Occasionally  the  cotton  plug  becomes  covered  with  so  thick  a 
layer  of  gelatin  as  to  prevent  the  access  of  air  to  the  culture 
in  an  injurious  manner.  In  this  case,  cotton  and  gelatin  may 
both  be  pierced  by  a  sterile  platinum  needle.  The  advantage 
of  the  test-tube  over  a  flask  is  that  it  takes  up  less  room,  and 
its  contents  are  somewhat  more  readily  accessible  for  investi- 
gation. 

c.  Glass  Trays. — It  is  convenient  to  use  a  pair  of  shallow 
trays  (Fig.  12)  about  20  cm.  in  diameter  and  1.5  cm.  deep,  which 
are,  of  course,  first  to  be  sterilized,  well  wrapped  in  paper, 
from  which  they  are  removed  only  immediately  before  being 
used.  Mingling  the  fluid  which  contains  bacteria  and  the 
gelatin,  is  effected  in  a  test-tube  as  in  the  last  case.  The  cot- 
ton plug  is  removed  and  the  mouth  of  the  tube  flamed  [it  is 
better  to  clip  the  cotton  off  close  to  the  edge  of  the  tube,  push 
the  plug  down  a  little  way,  and  then  flame  until  the  cotton 
browns  a  little.  After  cooling,  the  plug  is  easily  removed 
with  sterile  forceps,  and  the  gelatin  poured. — W.  T.],  and  as 
soon  as  it  has  cooled  the  contents  are  poured  as  rapidly  as 
possible  into  the  lower  (smaller)  tray,  while  the  other,  serving 
as  a  cover,  is  pushed  a  little  to  one  side.  Since  the  tube  is 
never  entirely  emptied,  but  a  small  quantity  of  g'elatin  re- 
mains in  it,  it  is  best  to  label  and  preserve  it  as  complemen- 
tary to  the  tray  culture. 

A  uniform  layer  of  gelatin  is  seldom  secured  in  these  trays. 
The  bottom  is  not  plane,  but  as  a  rule  a  little  elevated  in  the 
middle.  But  the  consequent  difference  in  thickness  of  differ- 
ent parts  of  the  gelatin  has  its  advantage,  for  when  many 
germs  are  present  in  the  fluid  to  be  analyzed,  and  they  are 
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too  closely  crowded  in  tlie  thick  peripheral  part  of  the  layer, 
they  are  more  isohited  in  the  central  thin  portion. 

The  colonies  in  such  tray-cultures  are  much  more  easily 
accessible  for  examination  with  the  naked  eye  or  lens  than  in 
a  or  h.  Examination  is  frequently  rendered  somewhat  difficult 
because  the  under  side  of  the  cover  becomes  clouded.  In  this 
case  it  may  be  replaced  by  a  dry  and  sterile  glass  plate  during- 
the  necessary  inspection.  [Non-liquefying-  species  are  readily 
examined  by  inverting-  the  trays.]  These  cultures  are  also 
far  better  for  microscopic  examination  than  those  in  flasks  or 
test-tubes,  especially  if  smaller  trays  (5  or  6  cm.  in  diameter) 
are  employed;  but  they  are  far  from  being-  as  g-ood  in  this  re- 
spect as  plate-cultures. 

d.  Glass  Plates. — This  method,  the  "plate  method"  of 
Koch,  of  which  the  three  preceding-  are  onlj'  modifications,  dis- 


"  b 

Fig.  29.— Slide  Coated  with  Gelatin  Crossed  by  Fourteen  Inoculation  Scratches  bearing 
many  Colonies.    At  b,  a  mould  colony  due  to  accidental  contamination  from  the  air. 

ting-uishes  itself  from  these  not  only  by  a  certain  eleg-ance, 
but  especially  in  allowing-  a  microscopic  examination  of  the 
colonies  anywhere  on  the  g-elatin,  with  high  mag-nification. 
Koch's  first  plate-cultures  were  undertaken  in  the  following- 
manner:  The  gelatin  was  spread  in  an  elongated  drop  on  a 
common  microscope  slide,  by  the  use  of  a  pipette.  When  it 
had  become  solid,  it  was  inoculated  by  a  bent  platinum  needle 
(Fig.  21,  d)  dipped  in  the  fluid  containing  germs,  and  then 
used  to  make  a  series  of  transverse  scratches  on  the  gelatin 
(Fig.  -29).  In  the  course  of  a  few  days  colonies  of  the  bacteria 
appear  in  the  inoculation  furrows, — closest  and  often  entirely 
coalescent  in  those  made  first  (a),  fewer  and  well  separated  in 
the  last.  Assistance  in  recognizing  contamination  of  such 
scratch-cultures  from  the  air,  is  afforded  b3'  the  fact  that  the}'' 
almost  always  appear  between  the  scratches,  as  is  the  case 
with  the   mould   colonj'   b,  in  Fig.  29.     In  two  respects  the 
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plate  method  is  inferior  to  the  three  preceding.  From  the 
nature  of  the  inoculation,  the  plates  are  more  exposed  to  at- 
mospheric germs;  and  the  distribution  of  the  gelatin  over  the 
plates  takes  more  time  and  care,  since  it  must  be  kept  from 
running  over  the  edges,  which  is  best  avoided  by  the  use  of 
suitable  cooling  appliances  which  cause  more  rapid  solidifica- 
tion. 

The  apparatus  needed,  and  the  method  of  starting  a  plate 
culture  are,  in  detail,  the  following : 

Rectangular  glass  plates  6.5  x  12  cm.  are  washed,  polished 
with  chamois  skin  and  sterilized  at  150°  C,  well  wrapped  in 
paper  from  which  they  are  first  removed  immediately  before 
use.  [For  convenience,  the  sheet-iron  boxes  used  \)y  the  Ger- 
mans to  hold  sterilized  plates,  are  to  be  recommended. — W.  T.] 

The  fluid  containing  bacteria  is  mingled  with  the  gelatin 
as  explained  above  (p.  495),  in  a  cotton-plugged  test-tube  con- 


Fig.  30. — A  Simple  Cooling  Apparatus  for  Plate-cultiu-es. 

taining  about  5  cc.  of  peptonized  gelatin,  a  quantity  adapted 
to  the  size  of  plate  recommended;  especial  care  being  taken 
to  warm  the  gelatin  only  a  little  above  the  melting  point. 

A  serviceable  cooling  apparatus  is  easil}^  made  as  shown 
in  Fig.  30.  On  an  ordinary  pie-plate  (a)  is  set  a  preparation 
glass  (5)  with  ground  rim,  several  pieces  of  ice  are  placed  in 
this  and  water  is  carefullj^  poured  in  until  the  vessel  is  full, 
with  a  slightly  convex  surface,  but  not  running  over.  A  well- 
cleaned  square  plate  of  glass  {d)  is  now  let  down  on  the  sur- 
face of  the  water  so  as  to  wet  it  everywhere  and  thus  aA'oid 
air-bubbles,  a  little  water  running  over  into  the  plate  as  this 
is  done.  Finally,  a  sterilized  glass  dish  (e)  is  inverted  on  the 
plate  to  serve  as  a  bell-glass. 

One  of  the  glass  plates  is  unpacked  and  quickh^  laid  under 
the  bell-glass  (Fig.  30,  /),  where  it  is  rapidly  cooled  by  the  ice 
water.  The  plug  is  removed  from  the  infected  tube,  the  mar- 
gin of  which  is  quickly  flamed   [hsre,  as  above,  p.  486,  it  is 
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preferable  to  flame  the  tube  before  removing-  the  cotton  plug-. 
— ^V.  T.],  after  which  the  bell-glass  is  raised  and  the  still  fluid 
g-elatin  carefully  poured  over  the  g-lass  plate,  care  being  taken 
not  to  let  it  flow  too  near  the  margin.  The  bell-glass  is  re- 
placed to  protect  the  plate  while  the  gelatin  solidifies.  The 
more  exactly  horizontal  the  plate  stands,  the  better.  If  the 
gelatin  runs  in  a  given  direction,  because  the  plate  is  not  level, 
it  is  possible  to  carefully  lift  the  apparatus  with  both  hands 
and  check  this  by  adjusting-  its  position,  until  the  gelatin  is 
sufficiently  hardened.  It  is  naturally  more  convenient  to  level 
the  plate  beforehand  by  using  a  tripod  and  level  (Fig.  31).  If 
it  solidifies  too  quickly,  before  spreading  over  a  sufficiently 
large  part  of  the  glass,  it  may  be  spread  by  use  of  a  sterile 
glass  rod,  warmed,  but  not  too  hot.     The  test-tube,  in  which 


Fig.  31.— Leveling  Tripod  with  Round  Fig.  33.— Bench  of  Sheet  Zinc  for  Support- 

Level  (6)  and  Plate.  ing  a  Plate-culture. 

a  few  drops  of  gelatin  alwaj'S  remain,  is  again  plugged  with 
the  original  cotton;  labelled,  rotated  for  several  minutes  and 
laid  horizontall3%  so  that  this  vestige  solidifies  in  a  thin  layer, 
and  kept  as  supplementary  to  the  plate-culture,  which,  as 
soon  as  it  has  hardened,  is  labelled  and  quickly  removed  to  the 
moist  chamber. 

For  a  single  plate,  a  pair  of  shallow  g-lass  trays  (Fig.  12) 
may  be  used  as  a  moist  chamber.  But  as  a  rule  it  is  neces- 
sary to  make  several  plate-cultures  of  the  same  fiuid.  In  this 
case  a  pair  of  larger  deep  traj^s  are  used,  or  a  chamber  may 
be  improvised.  Before  use,  it  is  to  be  rinsed  with  0.1  per  cent 
sublimate  solution,  and  a  couple  of  sheets  of  filter  paper,  well 
wet  with  the  same  solution,  are  laid  in  the  bottom.  The 
plates  are  set  in  such  a  moist  chamber,  on  small  glass  or 
metal  benches  which  can  be  set  over  one  another.  Sheet-zinc 
benches  of  the  form  shown  in  Fig-.  32  are  very  suitable  because 
of  their  durability.  They  can  easily  be  sterilized  at  150°  C. 
before  use. 

The  examination  of  the  plates  by  the  naked  eye  is  usually 
11—33 


500  Bacteriological    Technology. 

made  over  either  a  white  or  black  background  (sheets  of  paper 
or  tiles),  as  many  differences  in  color  between  the  colonies  are 
only  seen  well  in  this  way.  It  is  also  to  be  remembered  that 
colonies  of  the  same  species  and  of  equal  ag-e  may  present 
g-reat  differences  in  size,  form,  and  color,  according  as  they 
grow  at  the  surface  or  immersed  in  the  gelatin.  Counting  the 
colonies  is  best  effected  by  the  use  of  a  lens  of  low  power,  and 
is  much  easier  if  the  plate  is  laid  on  another  divided  into 
square  centimetres.  [When  it  can  be  afforded,  one  of  the  sim- 
ple counting  appliances  used  b}^  the  Germans  in  water-analy- 
sis, is  to  be  strongly  recommended. — W.  T.] 

The  microscopic  examination  of  the  plate  is  not  difficult, 
even  with  rather  high  powers.  To  be  able  to  examine  everx'- 
part  of  the  plate,  a  smaller  size  than  the  one  recommended 
may  be  necessary,  if  the  stage  of  the  microscope  is  not  quite 
large.  Since  it  is  impossible  to  calculate  beforehand  the 
number  of  germs  added  to  the  gelatin,  in  each  case  it  is  cus- 
tomary to  prepare  three  plate-cultures  at  a  time  of  three  de- 
grees of  dilution.  This  is  best  done  as  follows :  The  gelatin 
is  liquefied  in  three  test-tubes,  which  are  numbered  1,  2,  and  3. 
After  1  has  been  infected  by  use  of  needle  or  pipette,  and  the 
added  material  well  distributed,  2  is  infected  from  it;  and,  in 
the  same  way,  3  from  this.  The  gelatin  is  poured  on  the 
plates  as  above.  In  this  waj^,  it  is  highly  probable  that  one 
of  the  three  plates  will  contain  a  suitable  number  of  colonies, 
whether  these  are  wanted  so  numerous  that  the  culture  can 
be  used  for  a  tolerably  reliable  estimate  of  the  number  of 
germs  present  in  the  fluid  (c/.  water  analj^sis,  p.  503),  or  so 
few  that  a  nearly  absolute  guarantee  is  given  of  the  purity  of 
each  colony,  and  transfers  may  be  made  from  them  without 
difficulty. 

It  should  be  remembered,  as  advised  above,  to  save  the 
three  test-tubes  after  distributing  the  gelatin  in  a  thin  layer 
\)y  rolling  them  several  times.  Where  the  object  is  to  get  an 
exact  determination  of  the  number  of  germs  in  the  original 
fluid,  it  is  necessary  to  include  those  remaining  in  the  tube, 
and,  independently  of  this,  it  is  alwaj^s  an  advantage  to  have 
two  isolation-cultures  of  each  dilution. 

Soj^va  obtains  a  large  number  of  very  small  plate  cultures 
by  using  pairs  of  traj^s  which  differ  from  those  shown  in  Fig. 
12  in  being  made  of  glass  1.5  mm.  thick,  with  a  bottom  50 
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square  cm.  in  area,  and  walls  only  3  to  5  mm.  Seven  round 
hollows  are  g-round  in  the  lower  tray,  like  those  in  hollow- 
ground  slides  (Fig*.  57).  Before  being  used,  they  are  slightly 
warmed,  g-elatin  is  placed  in  each  of  these  depressions  by  using- 
a  pipette,  one  of  the  drops  is  quickly  inoculated  with  a  looped 
platinum  needle,  carefully  stirred,  and  a  transfer  made  from 
this  to  the  second,  etc.,  the  upper  tray  or  lid  being-  put  in  place 
after  all  are  inoculated.  If  the  pipette  is  accurately  gradu- 
ated,  and  the  quantit}'  of  fluid  carried  b^'  the  platinum  loop 
previously  determined  by  weighing  it  dry  and  ag-ain  with  its 
drop  of  water,  it  is  claimed  by  Soyka  that  a  sufficiently  relia- 
ble determination  ma}'  be  made  of  the  number  of  germs."  This 
modification  of  the  customary  Koch  method  of  plating-  out 
cultures  appears  to  me  excellent  in  its  plan,  but  the  form  of 
the  trays  and  the  limited  size  of  the  hollows  do  not  seem  so 
good.  For  microscopic  examination,  I  would  recommend 
rectangular  glass  trays  (e.  g.,  12  x  5  cm.),  the  lower  one  divided 
by  elevated  ridges  into  eight  quadrang'ular  spaces,  so  that  the 
surface  of  the  several  cultures  should  be  larger. 

In  the  preceding  descriptions  we  have  always  assumed 
that  the  isolation  was  to  be  effected  in  either  gelatin  or  ag-ar. 

1.  Gelatin. — This  is  most  easily  used,  since  it  may  be  melted 
and  kept  fiuid  at  a  relatively  low  temperature;  3'et  the  fact 
that  many  bacteria  and  moulds  liquefy  (peptonize)  the  gelatin 
is  a  disadvantage  that  often  becomes  very  evident  in  such 
analyses. 

2.  Agar- Agar. — Most  bacteria  cause  no  liquefaction  of  this 
substance,  which  is  nevertheless  not  so  good  as  gelatin  for 
plate-cultures,  because  of  the  difficulty  of  melting  it  and  its 
somewhat  slighter  transparency,  and  its  tendency  not  to 
adhere  to  the  glass;  still,  it  may  be  used  well  for  analyses  of 
this  character  if  the  following  precautions  are  taken.  When 
the  agar  has  been  melted  in  the  test-tubes,  which  does  not 
occur  below"  90°  C,  these  are  set  aside  to  cool  for  a  few  mo- 
ments and,  before  their  contents  begin  to  solidify,  placed  in  a 
water-bath  kept  at  40°  C,  at  which  point  the  agar  remains 
fluid,  while  the  liquid  containing  bacteria  can  safely  be  added, 
without  danger  of  killing  anj'^  of  the  germs. 

While  it  is  usually  necessary  when  gelatin  is  used  to  hasten 
its  solidification  by  cold  (or  iced)  water,  this  must  commonly- 
be  retarded  when  agar  is  employed,  by  placing  the  plates 
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over,  or  rolling*  the  tubes  in,  lukewarm  water,  to  prevent  the 
agar  from  forming  lumps  and  as  a  result  hardening-  with  an 
uneven  surface.  Since  ag-ar  adheres  so  poorl^^  to  g-lass  that  it 
occasionally  entirely  separates  from  the  plate  and  slips  off, 
Fraenkel  advises  the  use  of  a  drop  of  sealing-  wax  on  each  cor- 
ner of  the  plate.  [Where  ag-ar  must  he  used  in  plating-  out 
bacteria,  it  is  much  better  to  do  this  in  trays  (supra,  c),  by 
which  the  curling-  of  the  ag-ar  is  avoided. — W.  T.] 

3.  Agar-Gelatiii,  prepared  after  Jensen's  formula  (supra, 
pp.  464,  465)  combines  some  of  the  g-ood  qualities  of  both  g-ela- 
tin  and  ag-ar.  It  is  very  conveniently  used  for  plate-cultures, 
and,  as  a  rule,  is  to  be  recommended  in  j)reference  to  either. 
The  surest  wa3^  of  keeping-  it  fluid  during-  the  process  of  inoc- 
ulation, is  to  set  the  test-tubes  in  a  water  bath  at  30°  to  40°  C 

4.  Serum  cannot  be  used  in  this  manner,  since  it  is  coag-u- 
lated  onl3^  by  prolong-ed  heating-  to  a  degree  likel3^  to  prove 
fatal  to  the  germs.  If  it  must  be  employed,  one  of  two 
methods  must  be  adopted:  Scratch-cultures  m3.y  be  succes- 
sively made  with  an  infected  bent  platinum  needle,  in  a  large 
number  of  test-tubes,  the  colonies  being  so  few^  in  the  last  of 
the  series  as  to  be  sejDarate  {cf.  the  original  scratch-cultures 
on  slides,  p.  497) ;  or  the  fluid  to  be  used  may  be  diluted  with 
sterile  water,  and  a  small  drop  of  the  mixture  allowed  to  flow 
about  over  the  surface  of  the  serum,  in  the  hope  that  the 
germs  will  settle  on  it  at  a  distance  from  one  another.  But 
it  should  be  borne  in  mind  that  this  is  an  exceptional  method 
which  does  not  give  nearly  so  complete  a  separation  of  the 
germs  as  the  careful  distribution  in  melted  gelatin. 

Water  Analysis. — The  bacteriological  anal^^sis  of  drinking 
water  is  undertaken  according  to  the  rules  given  above.  The 
following  precautions  are  also  to  be  taken:  The  water  is  col- 
lected in  sterilized  glass  flasks,  with  cotton  or  glass  stoppers. 
If  it  is  taken  from  a  faucet  or  hydrant,  it  is  allowed  to  run 
for  some  minutes  before  any  is  gathered,  and  care  must  be 
taken  to  prevent  the  contamination  of  the  stopper  from  any 
source  (by  placing  it  in  a  sterile  glass  box.  Figs.  11  and  13, 
etc.).  Samples  are  taken  from  accessible  bodies  of  water  in 
sterilized  pipettes,  and  quickly  distributed  in  sterile  flasks. 
In  case  of  deeper,  less  accessible  supplies,  a  weighted  sterilized 
flask  is  lowered  and  drawn  up  when  full,  its  contents  being  at 
once  divided  between  several  smaller  bottles.     The  analysis 
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must  be  made  as  soon  as  possible  after  the  sample  is  taken; 
even  a  few  hours'  delaj-  at  ordinary  room  temperature  effects 
a  g-reat  increase  in  the  number  of  germs.  If  it  is  necessary  to 
send  samples  of  water  to  any  considerable  distance,  or  to  let 
them  stand  for  some  time  before  thej'  can  be  analyzed,  they 
must  be  packed  in  ice. 

The  quantity  of  water  to  be  added  to  each  tube  of  gelatin, 
depends  upon  the  number  of  germs  present  in  it.  When  few 
are  present,  an  entire  cubic  centimetre  may  be  used.  Occa- 
sionally -gV  cc.  suffices.  Water  that  contains  germs  in  especial 
abundance  must  be  diluted  with  occasionally  several  thousand 
times  its  bulk  of  sterilized  water,  and  a  drop  may  even  then 
give  a  large  number  of  colonies  on  the  gelatin  plate,  Botton 
puts  10  colonies  to  the  plate  as  a  minimum,  and  5,000  as  a 
maximum,  if  good  results  are  to  be  secured.  With  fewer  than 
10,  accidental  contaminations  easil^^  vitiate  the  results.  If 
the  plate  contains  too  many,  the  task  of  counting  them  is 
more  difficult,  and  some  of  them  may  not  develop  enough  to 
become  visible.  It  is  best  to  keep  the  plates  at  20°  to  22° 
C,  and  to  count  the  colonies  on  the  third  or  fourth  day. 

B.  Solid  Substances. 

The  bacteriological  analysis  of  solids  is  quickly  described 
after  the  detailed  account  of  fluid  analysis.  It  may  be  carried 
out  exactly  like  the  latter,  by  first  quicklj'  dropping  the  sub- 
stance into  the  melted  gelatin,  in  which  the  germs  are  washed 
out  and  distributed  as  far  as  possible  in  the  manner  indicated 
for  the  analysis  of  water.  If  it  is  not  certain  that  the  germs 
can  be  sufficiently  washed  out  even  by  continued  agitation  in 
the  liquefied  gelatin,  this  may  be  effected  by  violent  and  pro- 
longed shaking  in  sterilized  water  or  bouillon,  which  is  after- 
ward investigated  according  to  the  rules  given  for  fluids.  It 
is  also  possible,  after  such  treatment,  to  add  an  equal  quan- 
tity of  melted  20-per-cent  nutrient  gelatin  to  the  water,  and, 
after  careful  mixing,  to  spread  this  out  in  one  of  the  described 
methods. 

Fraenkel  recommends  the  first  method  for  soil  analyses, 
as  the  result  of  a  large  number  of  comparative  exi:)eriment.* 
Because  of  the  great  difference  between  dift'erent  samples  of 
soil,  as  regards  the  amount  of  water  present,  he  further  ad- 
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vises  measuring-  the  samples  in  preference  to  weig'hing'  tliem, 
using"  for  this  purpose  a  sharp-edg"ed  spoon  holding-  about  -^ 
cc.  A  level  spoonful  of  dirt  is  poured  into  a  test-tube  contain- 
ing melted  g-elatin,  and  broken  up  and  distributed  in  this  as 
thoroug-hly  as  possible  by  the  use  of  a  stout  platinum  needle, 
and  by  ag-itating-  the  g-lass,  after  which  the  procedure  is  the 
same  as  for  analysis  of  fluid.  The  same  writer  advises  the 
use  of  von  Esmarch's  tube-method  {supra,  p.  495),  and  counts 
the  colonies  two  days  after  preparing-  the  tubes.  But  the 
common  plate-method  is  equally  applicable  and  occasionally 
even  preferable,  especially  when  the  samples  contain  many 
liquefying-  forms,  as  is  g-enerally  the  case  with  the  surface  soil. 
A  g-reat  deal  of  the  difficulty  from  this  cause  may  be  avoided 
by  the  use  of  ag-ar-g-elatin.  On  the  other  hand,  the  tube- 
cultures  admit  of  prolong-ed  observation,  and  in  this  way  of 
the  detection  of  those  very  slowly  developing-  forms  which 
frequently  occur  in  earth  (c/.  Chapter  XII.,  on  disinfection). 
Samples  from  the  deeper  soil,  which,  as  the  studies  of  Koch 
and  Fraenkel  show,  always  contain  very  few  g-erms,  can  onl}^ 
be  obtained  with  the  certain  exclusion  of  dirt  from  above  b}^ 
the  use  of  a  special  boring-  apparatus  (made  by  Muencke,  of 
Berlin).  Like  water,  soil  must  be  investig-ated  very  soon  after 
collection,  since,  especially  in  samples  from  some  depth,  there 
is  a  very  rapid  multiplication  of  the  bacteria,  which  may  be- 
come a  thousand-fold  more  numerous  than  at  first,  in  the 
course  of  a  few  days  (Fraenkel).  The  reason  for  this  increase, 
which  cannot  be  prevented  by  the  use  of  ice,  is  still  unknown. 
In  his  first  soil  analyses,  Koch  used  the  simple  method  of 
sprinkling-  the  earth  over  the  surface  of  g-elatin.  Naturally, 
no  certain  separation  of  the  g-erms  is  possible  by  this  means, 
but  a  g-ood  notion  is  obtained  of  the  kinds  of  bacteria  and 
moulds  present  in  the  sample.  It  is  best  for  this  purpose  to 
]30ur  the  sterile  nutrient  g-elatin  upon  plates  or  in  trays, 
where  it  is  allowed  to  harden.  The  earth  is  collected  with 
the  usual  precautions  in  sterile  test-tubes  or  flasks  plug-ged 
with  cotton.  Immediately  before  use,  the  cotton  is  removed 
and  a  layer  of  filter  paper  quickly  tied  over  the  mouth  of  the 
g-lass.  Holes  are  made  in  the  paper  with  a  flamed  pin,  and 
throug-h  these  the  dirt  is  dredg-ed  upon  the  gelatin,  so  that 
the  fine  particles  do  not  lie  too  close  tog-ether. 
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C.  Air. 

The  micro-org-anisms  which  float  in  the  atmosphere,  and 
compose  an  important  part  of  its  so-called  dust,  have  been  in- 
vestigated for  a  long-  time  in  many  different  wa3's,  and  with 
more  zeal  than  those  of  water  and  the  soil;  on  the  one  hand  with 
reference  to  the  theory  of  spontaneous  generation,  and  on  the 
other,  because  too  much  weight  was  laid  upon  the  importance 
of  the  air  as  a  carrier  of  nearly  all  contagious  matters.  But 
the  time  and  energy  be-  . 
stowed  are  sadly  out  of  pro-  ~ 

portion  to  the  small  result- 
ant gain  in  knowledge  of  the 
life  histor}^  and  mode  of 
transportation  of  pathogenie 
bacteria. 

Two  modes  of  collecting 
air  and  its  organisms  are  in 
use: — the  dust  is  allowed  to 
settle  by  its  own  weight,  or 
it  is  drawn  into  a  suitable 
apparatus  by  using  an  aspi- 
rator. 

Aspirators.  —  A  simple 
aspirator,  easy  of  transpor- 
tation, is  that  shown  in  Fig. 
33.  Two  large  conical  flasks 
(I.  and  II.)  are  furnished  with  rubber  stoppers  and  glass  tubes 
arranged  (Fig.  33)  as  for  wash  bottles,  and  connected  with  a  rub- 
ber tube  in  the  manner  shown.  A  pinch-cock  is  placed  at  c,  and 
the  upper  flask  filled  with  water.  When  the  cock  is  opened  and 
suction  applied  at  a  (or  the  upper  flask  tipped)  till  the  siphon  is 
filled,  the  water  will  flow  without  interruption  from  I.  into  the 
empty  flask  II.,  inducing  a  uniform  and  continuous  suction  of  air 
into  6,  until  I.  is  empty.  By  pouring  the  water  back  into  I.  (or 
reversing  the  relative  position  of  the  flasks)  the  suction  can  be 
recommenced.  Knowing  the  volume  of  water  used,  and  the 
time  taken  to  empty  one  flask  into  the  other,  the  amount  of 
air  sucked  into  the  apparatus  during  a  given  time  is  also 
known.     The  rapidity  with  which  the  water  flows  from  flask 


Fig.  33.— Aspirator  Made  from  Two  Flasks. 
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to  flask  can  by  regulated  b}'  the  pinch-cock,  or  by  the  use  of 
g-lass  tubes  of  various  cahbre,  inserted  somewhere  in  the 
rubber  tube.  A  number  of  such  pieces  of 
tubing-  are  made  ready,  and  the  time  re- 
quired for  each  to  permit  the  passage  of 
a  liter  of  water  is  experimentally  deter- 
mined and  marked  on  it  with  a  writing  dia- 
mond, so  that  according  to  circumstances  a 
larger  or  smaller  tube  is  employed  (Hesse). 
Another  form  of  aspirator  is  that  shown 
above  in  Figure  7. 

c.  A  drip-aspirator  is  shown  in  Figure 
34  in  which  the  constant  stream  from  a 
faucet  can  be  used  as  a  means  of  suction. 
As  the  water  falls  in  small  portions  from 
the  faucet,  through  the  tubes  a  and  h, 
the  little  columns  of  fluid  carrj^  along  be- 
tween them  larger  and  smaller  columns 
of  air,  producing  at  c  a  powerful  suction, 
which,  however,  is  not  so  uniform  as  in  the 
other  two  aspirators.  [The  German  deal- 
ers supply  a  ver3^  simple  aspirator  essen- 
tially on  this  model,  consisting  of  a  T- 
shaped  brass  tube  representing  abc,  joined 
by  suitable  corks  and  rubber  tubing  with 
a  flexible  lead  tube  some  yards  long,  which, 
being  non-collapsible,  makes  a  ver^^  good 
connection  with  the  other  apparatus  em- 
ployed.— W.  T.]  Nor  does  the  apparatus 
directly  indicate  the  quantity  of  air  sucked 
through,  like  the  others,  so  that  if  this  is 
to  be  determined  it  must  be  used  in  connec- 
tion with  a  gas-meter. 

I.  Collection  of  Dust  for  Direct  Mi- 
croscopical Examination,  —  The  dust 
which  has  accidentally  accumulated  in  dif- 
ferent places,  often  in  a  thick  layer,  can  be 
simply  collected,  even  if  the  layer  is  a 
slight  one,  or  is  easily  swept  on  to  a  piece 
of  paper  with  a  feather.  Small  quantities  of  the  dust  col- 
lected in  this  manner  are  mingled  with  a  drop  of  glycerin  or 


Fig.  34.— Drip  Aspirator 
(Filter  Pump). 
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other  fluid  on  a  slide  and  subjected  to  microscopic  and  micro- 
chemical  examination  in  the  usual  manner. 

If  the  dust  is  to  be  collected  for  a  given  time  and  place, 
this  is  best  done  by  the  use  of  a  so-called  aeroscope  (Ponchet, 
1859).  Of  the  various  models,  only  Schnauer's  will  be  de- 
scribed here — a  form  which  can  easily  be  put  together  in  any 
laboratory.  It  consists  (Fig-.  35)  of  a  bell-g-lass  (a)  with  ground 
base  and  short  neck.  A  bottle  with  the  bottom  broken  off 
and  the  lower  end  ground  flat  can  be  made  to  serve  the  same 
purpose.  The  neck  is  fitted  with  a  rubber  stopper  provided 
with  tw^o  holes,  in  one  of  which  a  short  glass  tube  (d)  is  fitted, 
while  a  long'er  tube  (e),  bent  in  an  arch  above  and  drawn  out 
to  a  point  with  an  opening  of  about  1  mm.  at  the  other  end, 
passes  through  the  second.  The 
ground  base  of  the  bell-glass  is 
smeared  with  vaseline  and  pressed  air 
tight  against  a  glass  plate  (6).  Un- 
der the  bell-glass  is  placed  a  slide  (c) 
on  which  is  a  small  drop  of  a  steril- 
ized solution  of  grape  sugar  1  part, 
and  glycerin  2  parts  (Miquel).  The 
tube  e  is  then  adjusted  so  that  its 
point  is  about  1  mm.  above  the  surface 
of  the  drop,  and  the  tube  d  is  con- 
nected with  an  aspirator.  As  soon 
as  the  suction  begins,  the  air,  and  the 
dust  suspended  in  it,  flow  through  the  curved  tube  directh' 
ag-ainst  the  drop  of  glycerin,  in  which  the  flow  of  air  causes 
a  slight  depression,  and  where  a  large  part  of  the  dust  is 
stopped.  A  part  settles  in  the  curved  tube,  which  must, 
nevertheless,  have  this  form  in  case  the  apparatus  is  to  be 
used  in  the  open  air  in  rainy  weather. 

When  the  aspirator  has  operated  long  enoug'h,  the  slide  is 
removed,  and  the  dust  uniformly  distributed  through  the 
glycerin  with  a  sterilized  needle,,  a  cover  glass  placed  on  it, 
and  it  is  read}^  for  microscopic  and  micro-chemical  examina- 
tion. 

Preparations  of  this  sort  give  a  good  notion  of  many  of  the 
inorganic  and  organic  substances  wiiich  float  in  the  air  in 
enormous  quantities,  e.g.,  coal  dust,  sand,  small  crystals  of 
various  salts,  woollen  and  cotton  threads,  hair,  starch-grains. 


Fig.  35.— Schoenauer's  Aeroscope. 
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fragments  of  vegetable  tissue,  pollen,  etc.  Many  mould  spores 
are  also  recognizable,  but  the  germs  of  bacteria  are  too  small 
and  too  little  characteristic  to  be  identified  in  such  prepara- 
tions. The  nuinber  and  character  of  such  germs  present  in 
the  air  at  a  given  time  can  onl^'  be  determined  by  sowing  the 
dust  in  suitable  culture-vessels. 

II.  Collection  of  Dust  for  Cultures. —  Very  pretty  and 
useful  preparations  are  obtained  b^^  simply  letting  the  germs 
settle  from  the  air  upon  tlie  surface  of  gelatin.  Several  pairs 
of  shallow  glass  traj^s  (Fig.  12)  are  sterilized  at  150°,  each  pair 
wrapped  singly  in  paper.  The  nutrient  gelatin  (most  com- 
monly peptonized  meat  infusion  with  agar-gelatin)  is  carefully 
and  rapidly  poured  in  a  shallow  layer  into  the  smaller  tray, 
which  is  at  once  covered  with  the  other  (c/.  p.  502).  When 
the  gelatin  has  solidified,  the  trays  are  wrapped  up  and  taken 
to  the  place  where  they  are  to  be  used.  Here  they  are  un- 
packed, the  lids  {i.e.,  the  larger,  upper  trays)  taken  off,  and 
the  gelatin  is  left  exposed  to  the  air  for  a  longer  or  shorter 
time,  varying  with  the  abundance  of  germs  from  a  few  min- 
utes to  an  hour.  After  replacing  the  lids,  the  trays  are  set 
aside  at  room  temperature,  for  observation,  the  germs  begin- 
ning to  show  evidence  of  germination  after  a  few  da3^s. 

It  is  best  to  use  the  sterilized  paper  to  wrap  the  lids  in 
Avhile  the  gelatin  is  uncovered,  and,  after  they  are  replaced, 
to  again  wrap  the  i^airs  of  trays  in  it  for  their  return  to  the 
laboratory.  Instead  of  pouring  the  gelatin  directly  into  trays, 
it  may,  of  course,  be  spread  on  a  glass  plate,  which  is  then  set 
within  a  pair  of  trays. 

Simple  as  this  method  is,  it  gives,  as  has  been  said,  very 
useful  results.  This  may  easily  be  shown  by  exposing  a  num- 
ber of  traj^s  of  gelatin  simultaneouslj-  and  for  the  same  length 
of  time  in  two  different  places.  Tlie  differences  in  number  and 
kinds  of  atmospheric  germs  in  different  localities  is  then  very 
evident.  It  is  to  be  recommended  for  the  qualitative  air  anal- 
yses most  frequentlj^  called  for,  but  it  does  not  give  the  num- 
ber of  germs  contained  in  a  given  quantity  of  air.  A  number 
of  methods  and  appliances  for  this  quantitative  analysis  of 
atmospheric  air  have  been  indicated,  but  there  is  at  present  a 
difference  of  opinion  as  to  which  is  to  be  preferred.  I  have 
not  sufficient  experience  in  this  directior.  to  pronounce  very 
authoritatively  on  the  question,  but  I  have  no  doubt  the  air- 
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filters  using-  (insoluble  or  soluble)  powders  are  to  be  g-iven  the 
preference.  In  view  of  this  difference  of  opinion  it  must  be  a 
satisfaction  to  know  that  at  present  the  exact  determination 
of  the  number  of  germs  in  the  air  is  not  of  very  great  import- 
ance. I  shall,  therefore,  merely  describe  briefly  the  choice  of 
apparatus  representing  the  various  systems,  viz.,  automatic 
suction  balloons,  settling  apparatus,  such  in  which  the  air  is 
allowed  to  bubble  through  fluid  or  gelatinized  contents,  and 
filters,  which  ma 3"  be  insoluble  or  soluble. 

The  automatic  balloon  was  first  used  by  Pasteur  in  1860. 
As  shown  in  Fig.  36,  it  is  at  once  culture  vessel,  aspirator,  and 
g-asometer.  It  consists  of  a  globular  flask  with  a  long  neck 
drawn  out  into  a  capillary  tube.  The  tube  is 
hermetically  sealed,  and  the  flask  sterilized  at  150° 
C.  When  cool,  the  point  is  broken  off,  the  air 
within  the  balloon  is  warmed  a  little  over  a  burner, 
and  the  tip  dipped  into  the  sterilized  culture-fluid. 
As  it  cools,  a  few  drops  of  fluid  pass  into  the  flask, 
this  is  carefully  heated  to  the  boiling  point  over 
the  burner,  and,  while  the  steam  is  escaping  from 
the  opening,  this  is  again  dipped  into  the  fluid,  a 
greater  quantity  of  which  is  sucked  in.  When  the 
flask  is  about  half  full,  the  point  is  removed  from 
the  fluid,  and  the  contents  carefully  heated  over 
the  flame  and  allowed  to  boil  gently  for  a  couple     „    „, 

^  '^  1  Fig.  36.  — Auto- 

of  minutes.  While  the  steam  is  escaping  with  a  matic  suction- 
w^histling  sound   from   the    end  of  the   tube,  the  BuibforCoiiect- 

.  iDg  Air-germs. 

flame  is  removed,  and  the  pomt  is  at  once  care- 
fully fused.  The  aj)paratus  is  now  ready  for  use,  for  which  it  is 
held  as  far  from  the  experimenter  as  possible,  in  the  direction 
from  which  the  wind  comes,  so  that  germs  shall  not  be  blown 
from  one's  body  toward  it.  The  point  is  opened  by  a  pan*  of 
pincers  or  shears  that  have  been  flamed,  and  the  air  rushes  m 
with  a  whistle  and  fllls  the  receptacle.  The  opening*  is  once 
more  sealed,  the  flask  shaken  so  as  to  wash  all  germs  from 
the  walls  into  the  fluid,  and  the  development  of  micro-organ- 
isms in  the  fluid  is  awaited.  [But  this  gives  no  quantitative 
determination,  and  a  satisfactory  investigation  of  even  the 
aerobic  forms  present  in  the  fluid  is  only  possible  when  some 
of  the  fluid  after  thorough  shaking  is  at  once  taken,  Avith  the 
usual  precautions,  as  a  basis  for  some  form  of  plate-culture. 
— W.  T.l 
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Hesse's  aeroscope  (Fig.  37)  consists  of  a  glass  tube  50  to 
70  cm.  long-  and  4  cm.  in  diameter,  one  end  of  which  is  some- 
what flaring-  and  closed  by  a  perforated  rubber  stopper  (d), 
throug'h  which  passes  a  short  g-lass  tube  10 
mm.  in  diameter,  plug-g-ed  with  cotton  {h).  The 
flang-e  at  the  other  end  is  somewhat  more  prom- 
inent; over  it  are  tied  two  thin  rubber  caps, 
one  outside  the  other,  the  inner  of  which  is 
pierced  with  a  round  hole  about  10  mm.  in 
diameter^  as  shown  in  the  section  in  Figure  37. 
The  tube  is  used  with  nutrient  g-elatin,  the  sur- 
face of  Avhich  must  not  reach  above  the  lower 
side  of  the  small  g-lass  tube  or  the  hole  in  the 
inner  cap,  when  the  apparatus  lies  flat. 

The  tube,  stopper,  and  caps  are  cleansed  in 
1.0  per  cent  sublimate  solution,  and  flnallj^ 
rinsed  with  boiled  water.  The  inner  cap  is 
tied  fast  with  thread,  without  being-  much 
stretched.  If  it  is  found  to  be  water-tig-ht,  by 
half  filling-  the  tube  with  water,  and  holding- 
this  end  downward,  the  round  hole  (/  and  /') 
is  clipped  in  its  centre  with  sharp  scissors,  and 
the  outer  cap  is  tied  over  it,  but  in  a  more 
tense  condition.  [Rubber  caps,  fitting-  quite 
well  and  easil}''  applied,  are  also  supplied  with 
the  apparatus  hy  dealers. — W.  T.]  Its  power 
to  hold  water  is  then  again  tested.  The  stop- 
per with  its  plugg-ed  tube  in  place  is  now  in- 
serted in  the  other  end,  and  the  apparatus,  still 
containing-  water,  is  hung-  in  the  steam  cylin- 
der, which  needs  to  be  leng-thened  for  this  pur- 
pose (Fig-.  4,  C).  A  piece  of  wire  (Fig-.  37,  c) 
twisted  around  the  upper  end  is  used  for  sus- 
pending- the  tube  to  the  lid  by  the  means 
shown  in  Figure  4  A.  After  exposure  to 
streaming-  steam  for  a  quarter  of  an  hour,  it  is 
removed  from  the  sterilizing  cj^linder,  and 
when  it  is  somewhat  cooled  the  water  is  poured  out  and 
replaced  with  all  precautions  by  melted  sterile  nutrient  gel- 
atin, poured  from  a  pipette  or  Avash-bottle.  The  stopper  be- 
ing again  in  place,  it  is  once  more  hung  in  the  steam-cylinder 
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Fig.  37.— Hesse's 
Aeroscope. 
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for  ten  minutes*  sterilization  at  100°,  after  which  it  is  placed 
horizontally  while  the  g-elatin  cools  [or  rotated  until  the  g'el- 
atin  is  nearly  hard,  when  it  is  allowed  to  lie  flat  so  that  one 
part  of  the  circumference  is  more  thickly  coated  than  the  rest. 
— W.  T.]  When  wanted  for  use,  it  is  set  upon  a  suitable  sup- 
port, where  the  air  is  to  be  examined.  Hesse  uses  a  folding- 
tripod  such  as  is  used  by  photographers,  which  ends  in  a  flat 
surface  on  which  the  tube  can  be  fastened,  the  two  flasks  of 
the  aspirator  (Fig.  33)  being  hung  at  different  heig-hts  on  the 
legs.  Simple  supports,  answering  every  purpose,  are  also 
easily  improvised.  When  the  apparatus  is  set  up,  it  is  con- 
nected with  the  aspirator,  the  surface  of  which  is  carefully 
washed  with  0.1  per  cent  sublimate,  and  the  aspirator  set  in 
operation,  the  siphon  being  sucked  full  beforehand,  to  prevent 
a  sudden  irregular  suction  when  the  pinch-cock  is  opened. 
The  quantity  of  air  which  Hesse  advises  to  be  passed  through 
the  apparatus  is  1  to  5  litres  for  inhabited  rooms,  and  10  to  20 
litres  out  of  doors,  but  in  certain  cases  much  greater  or  smaller 
quantities  may  be  advisable.  He  recommends  the  aspiration 
of  a  litre  of  air  through  the  apparatus  in  one  to  three  minutes 
for  inhabited  rooms,  and  the  same  quantity  in  three  to  four 
minutes  for  the  open  air,  as  a  proper  rapidity.  After  the  air 
has  been  sucked  through,  the  apparatus  is  closed  hy  replacing 
the  rubber  membrane  (which  has  been  rinsed  in  sublimate), 
and  set  aside  at  room  temperature.  In  the  course  of  the  next 
eight  or  ten  days,  colonies  of  moulds  and  bacteria  gTow  on  the 
surface  of  the  gelatin,  from  which  they  can  be  obtained  for 
examination  and  the  inoculation  of  cultures  by  using  a  long 
glass  rod  bearing  a  platinum  needle.  If  the  suction  has  been 
effected  sufficiently  uniformlj-  and  with  the  right  rapidity,  so 
that  all  germs  have  been  allowed  to  settle  from  the  air  passed 
through,  the  colonies  should  be  most  numerous  near  the  end 
through  which  the  air  enters,  graduall}^  decreasing  in  number 
toward  the  other  end,  the  last  third  or  cjuarter  of  the  gelatin 
surface  being  entirely  free  from  colonies. 

Bubbling  Apparatus. — Of  the  different  forms  with  fluid 
contents,  only  one,  long  employed  by  Miquel,  is  described  here. 
This  is  a  flask  closed  above  with  a  cap  plugged  with  cotton 
(a),  like  a  Pasteur  flask  {cf.  Fig.  10).  The  neck  is  prolonged 
as  a  fine  tube  to  the  bottom  of  the  flask.  The  slightly  con- 
stricted side  tube  b,  is  plugged  at  two  points  with  cotton  (not 
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shown  in  the  fig-ure),  and  is  connected  with  some  form  of 
aspirator  by  the  rubber  tube  e.  A  capillary  tube  hermetically 
sealed  at  d,  is  connected  by  the  same  means  with  the  other 
lateral  tube  (c),  which  is  slightly  bent  downward.  30  to  40 
cm.  of  distilled  water  is  poured  into  the  flask.  Sterilization 
is  effected  as  usual.  The  aspirator  is  connected  with  e,  the 
plug'g"ed  cap  a  is  flamed  and  removed,  the  observer  withdraws 
from  the  apparatus,  and  the  suction  of  air  into  it  is  allowed  to 
g"o  on,  after  which  the  cap  is  again  flamed  and  replaced.  By 
blowing"  throug-h  e  the  water  is  made  to  rise  and  fall  throug-h 
the  neck  of  the  flask  ten  times,  to  wash  off  adhering  germs. 
The  point  d  is  flamed  and  broken  off  and  by  tipping  the  flask 
and  blowing  through  e  the  contents  are  divided  among  30  or 
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Fig.  38.— Mlquel's  Aeroscope. 

40  culture  flasks  containing  bouillon.  Finally,  the  outermost 
of  the  two  cotton  plugs  in  the  tube  h  is  reinoved  and  the  inner 
one  pushed  into  the  flask  with  a  sterilized  platinum  wire,  after 
25  cc.  of  sterile  bouillon  has  been  poured  into  the  flask.  The 
flask,  and  the  30  culture-vessels  are  set  aside  at  30°  C,  and 
observed  for  at  least  a  month.  When  a  small  number  of  the 
vessels  show  growth,  the  total  of  the  germs  collected  by  the 
aeroscope  can  be  approximately  calculated  (c/.  p.  480,  method 
of  dilution). 

Tryde,  Hueppe,  and  v.  Sehlen  formerly  caused  air  to  bubble 
through  melted  nutrient  gelatin,  in  their  aeroscopic  analyses. 
Quite  recently,  Straus  and  Wurtz  have  used  the  same  method, 
and  for  this  purpose  produced  the  glass  apparatus  shown  in 
Figure  39.  The  top  and  bottom  measure  15  mm.  in  diameter, 
while  the  central  portion  (^4)  is  a  wide  cylindrical  receptacle 
bearing  the  slightly  constricted   lateral  tube  {D),  with  two 
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cotton  plng-s  (/  and  g).  The  tube  B  is  drawn  out  to  a  fine 
point  below,  and  closed  above  with  a  cotton  plug-  (e).  At  c  it 
is  widened,  and  ground  to  fit  the  mouth  of  A  air-tig-ht.  The 
apparatus  is  sterilized  at  150°  C,  after  which  10  cc.  of  10  per 
cent  g-elatin  (or  preferably  ag-ar-grelatin)  are  poured  into  it 
and  a  drop  of  sterilized  olive-oil  added,  after  which  all  is  ster- 
ilized in  the  steam  cylinder.  The  addition  of  oil  prevents  the 
g-elatin  from  foaming-,  CA'en  when  air  is  passed  through  it  verj^ 
rapidly,  e.g.,  50  litres  in  ten  minutes.  The 
g-elatin  is  melted,  D  is  joined  by  rubber-tubing- 
with  an  aspirator,  and  the  plug-  e  is  removed. 
While  air  is  passing-  through,  the  g-elatin  is 
kept  fluid  b3"  the  warmth  of  the  hand,  or,  if 
ag-ar-g-elatin  is  used,  a  water-bath  is  employed. 
Afterward,  the  plug-  e  is  replaced,  and,  by  blow- 
ing- into  D  the  fluid  is  forced  into  B  several 
times  to  wash  out  any  adhering-  g-erms.  The 
plug-  /  is  removed  so  as  to  allow  g  to  be  pushed 
into  the  gelatin  with  a  sterile  platinum  wire, 
after  which  it  is  replaced  and  g  is  g-ently 
shaken  about  in  the  gelatin,  which  is  then  al- 
lowed to  solidify  as  for  an  Esmarch  tube-cul- 
ture, or  poured  out  in  glass  traj^s  as  described 
on  pages  496,  49T,  The  observation  of  the  de- 
velopment of  the  colonies  is  rendered  not  a  lit- 
tle difficult  by  the  fact  that,  while  air  is  bub- 
bling- throug-h,  the  oil  becomes  finely-  emulsified 
in  the  g-elatin,  rendering-  it  cloudy. 

Insoluble  Powder  Filters. — As  the  result  fig.  39.-Aeroscope  of 
of  a  series  of  very  carefully  conducted  experi-  Straus  and  wurtz. 
ments,  Petri  has  recommended  sand  as  a  filtration  medium 
in  preference  to  glass-wool  and  asbestos,  which  have  been 
used  by  others  (Miquel,  Moreau,  Freudenreich,  and  Frank- 
land).  The  details  of  his  method  are  as  follows:  sand  is 
passed  through  a  sieve  Avith  meshes  0.5  mm.  wide,  and  what 
passes  this  is  sifted  through  a  second  with  meshes  0.-25  mm. 
wide,  the  portion  that  remains  in  this  consisting-  of  grains 
of  the  rig-ht  size.  This  sand  is  heated  to  redness  in  an  iron 
crucible  (half  or  three-quarters  of  an  hour  being-  required 
for  100  cc),  while  it  is  stirred  with  a  glass  rod.  While 
warm,  it  is   filled   into   sterile  test-tubes  plug-ged  with  cot- 
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ton.  Two  sand-filters  (Si  and  Si)  3  cm.  long  are  brought 
into  a  g-lass  tube  1.5  to  1.8  cm.  wide  and  9  cm.  long-,  as  shown 
in  Figure  40.  The  sand  is  held  in  place  by  small  caps  (?ii  to 
Hi)  of  fine  brass  gauze  (40  meshes  to  the  linear  centimetre), 
which  are  easily  made  over  the  end  of  a  glass  tube  or  metallic 
rod.  This  separation  of  the  sand  in  two  parts  enables  the  ex- 
perimenter to  sow  the  second  sand  plug  separately,  as  a  con- 
trol filter.  The  filters  being  1  cm.  from  each  end  of  the  tube, 
it  is  plugged  at  /  and  g  with  cotton,  and  sterilized  at  150°  C. 
Before  use,  the  cotton  plugs  are  removed  and  laid 
aside  in  a  sterilized  glass  box.  The  filter-tube  is 
joined  with  an  aspirator  \)y  means  of  a  rubber 
stopper  (a)  sterilized  in  sublimate,  pierced  for  a 
cotton-plugged  sterile  glass  tube  c,  which  is  con- 
nected by  a  short  piece  of  rubber  tubing  with  a 
lead  tube  (e)  0.5  cm.  wide.  The  filter  tube  being 
arranged  vertically,  the  cotton  plug  is  removed 
from  g  and  the  suction  can  begin.  Petri  uses 
as  an  aspirator  a  hand  air-pump,  each  stroke  of 
which  draws  a  litre  of  air  through  the  filter. 
When,  as  in  his  experiments,  100  litres  pass 
through  the  filter  in  10  to  20  minutes,  all  germs 
are  stopped  by  the  first  filter.  The  material  is 
sown  in  pairs  of  trays  (Fig.  12)  9  cm.  in  diameter, 
the  sand  of  the  first  filter  being  divided  between 
three,  and  of  the  second,  between  two  such  trays. 
The  sand  is  first  poured  into  the  trays,  and 
melted  gelatin  is  poured  over  it  from  test-tubes 
{cf.  p.  496).  After  the  sand  is  completely  wet  by 
4o._petri's  the  gelatin,  so  that  all  air  bubbles  have  been 
driven  out,  it  is  equally  distributed  b^^  a  series  of 
short  but  forcible  horizontal  movements,  and  the  gelatin  is 
allowed  to  harden,  when  the  three  pairs  of  trays  are  set  away 
one  over  the  other  at  the  temperature  of  the  room. 

Soluble  Filters. — Miquel,  the  most  experienced  living  stu- 
dent of  the  air,  has  very  recently  recommended  ^  the  employ- 
ment of  soluble  filters,  an  ingenious  method  suggested  by  Pas- 
teur over  twenty-five  years  ago.  Of  the  various  powders 
which  may  be  selected  (cane-sugar,  table-salt,  sodium  phos- 
phate, magnesium  sulphate,  etc.),  Miquel  recommends  cane- 
sugar,  which  demands  no  special  preparation,  may  be  steril- 
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ized  at  150°  C,  without  losing  its  liig-h  degree  of  solubility  or 
becoming"  more  hyg-roscopic,  or  without  having-  an}-  injurious 
effect  on  the  bacteria.  In  very  fog'g-y  weather  it  may  become 
impossible  to  work  with  either  insoluble  or  soluble  filters.  In 
this  case  a  bubbling-  apparatus  ma^^  occasionally  have  to  be 
used.  The  sug-ar  (if  loaf  sug-ar  is  used)  is 
powdered  in  a  mortar  and  shaken  throug-h 
two  metal  sieves,  as  described  for  sand,  so 
that  the  size  of  the  grains  used  is  about  half 
a  millimetre.  This  sug-ar  is  placed  in  an 
aeroscope  (Fig*.  -41,  A)  consisting-  of  a  g-lass 
tube  about  20  cm.  long-  and  5  mm.  in  diam- 
eter, narrowed  at  e,  and,  according-  to  the 
sug'g-estion  of  Freudenreich,  provided  at  h 
with  a  g-round  cap  plug-g-ed  with  cotton,  as 
for  the  Pasteur-Chamberland  flasks.  Two 
plugs  of  (glass-wool  or)  cotton  are  inserted 
at  d  and  /,  and  the  whole  is  sterilized  at  150°       -^  n^i 

C.  The  cap  is  removed,  and  enough  well- 
dried  sugar  (1  to  2  gm.)  is  poured  into  the 
tube  to  fill  it  for  a  length  of  8  to  10  cm.,  after 
which  all  is  again  sterilized  at  150°  C.  When 
it  is  to  be  used,  by  a  series  of  light  percussions 
the  sugar  is  packed  against  the  plug  d,  and 
the  tube  held  nearly  vertically  (tipped  toward 
the  wind),  so  that  during  suction  the  sugar 
may  not  fall  away  from  the  walls,  thus  render- 
ing it  possible  for  the  air  to  pass  unfiltered  at 
any  point. 

The  air  is  drawn  through  the  filter  with      ^- 
different  rapidity  and  for  a  varying  length  of        a.  b, 

time,  according  to  circumstances.     The  aver-    fig.  41.—^,  Newer,  b, 
age  number  of  germs  for  the  day  at  a  given  older  Model  of  Miquei-s 

.    ,     .         ...",,  ,        ,       -,  .  .,  .      Soluble  Powder  Filter. 

point  is  obtained  by  slowly  drawing  the  air 
through  a  filter  for  12  or  24  hours.     To  learn  the  number 
at  a  given  time,  it  is  necessary  to  draw  the  largest  possi- 
ble quantity  of  air  through  the  sugar  in  the  shortest  time 
possible. 

After  the  aspiration,  the  cotton  or  glass-wool  plug  is  re- 
moved and  the  sugar  is  poured  into  sterilized  water.     When 
many  germs  are  expected,  a  large  quantitv  of  water  (500  to 
11—34 
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1,000  cc.)  is  used;  otherwise  a  smaller  (|aatity  (50  to  100  cc.) 
is  taken. 

In  case  the  sugar  does  not  run  out  of  the  tube  easilj^  it 
must  be  pushed  out  by  the  aid  of  the  cotton  plug-  /,  and  a 
sterile  glass  rod  introduced  at  /,  and  the  tube  afterward  rinsed 
out  with  sterile  water.  The  plug  d  is  also  to  be  sown  sepa- 
rately as  a  test  of  the  efhciency  of  the  filter,  which  should 
remain  free  from  germs  after  the  air  has  been  sucked  through. 
To  simplify  these  manipulations,  I  advise  the  use  of  tubes 
that  are  not  constricted  at  e,  and  to  proceed  as  follows :  The 
following'  articles  are  to  be  made  ready  beforehand:  1,  an 
Erlenmeyer  flask,  filled  with  sterile  water;  2,  a  short  test-tube, 
with  a  few  cc.  of  water;  3,  a  test-tube  with  nutrient  gelatin; 
4,  a  sterile  glass  box  (Fig.  11  or  13);  5,  a  small  rubber  tube. 
The  plug  /  is  removed  with  forceps,  and  laid  in  the  glass  box, 
after  which  d  is  similarly  removed  and  cast  quickly  into  the 
gelatin,/  being  immediately  replaced.  The  cap  a  is  then  taken 
off,  and  the  sugar  poured  out  into  the  Erlenmej'er  flask,  the 
rubber  tube  is  slipped  over  the  unground  end  of  the  glass  (/). 
the  ground  end  being  dipped  into  the  sterile  water  of  the  short 
test-tube,  when  all  remaining  germs  and  sugar  are  rinsed 
out  by  alternately  sucking  water  into  the  tube  and  expel- 
ling it ;  finally  this  water  is  poured  into  an  Erlenmeyer  flask. 
The  filter  tubes  which  Miquel  used  in  his  earlier  investigations 
were  drawn  out  to  a  capillary  point  at  the  end  through  which 
air  was  admitted  (Fig.  41  B,  where  the  constriction  between 
the  two  cotton  plugs  is  also  left  out),  and  were  opened  and 
closed  b}^  breaking  off  and  remelting  the  point.  The  use  of 
the  ground  cap  a  renders  it  far  easier  to  eiiipty  the  apparatus, 
but  adds  materially  to  its  expense  ;  there  is,  however,  no  rea- 
son why  simple  glass  tubes,  closed  by  m}^  rubber-tubing  cap 
(c/.  Fig.  9,  III.-VI.)  should  not  be  used.  The  gelatin  in  which 
the  plug  d  was  placed  should  remain  sterile,  all  g*erms  being 
found  in  the  Erlenmeyer  flasks.  When  the  sug'ar  is  entirely 
dissolved  and  the  solution  well  shaken,  the  number  of  germs 
is  determined  exactly  as  described  for  water  anal3"sis,  prefer- 
ably using  agar-gelatin,  so  as  to  avoid  as  far  as  possible  the 
disturbing  liquefaction  of  the  gelatin. 

A  great  advantage  of  this  method  is  that  only  a  fraction 
of  the  sugar  solution  and  the  germs  it  contains  need  be  used 
for  quantitative  analysis,  while  the  greater  part  can  be  used 


Bactcrioloi^ical    Technology.  517 

for  various  qualitative  investi£;'ations  {e.g.,  a  search  for  anae- 
robic forms),  which  it  was  not  possible  to  carrj'  out  in  the 
earlier  methods  in  which  all  of  the  collected  germs  had  to  be 
used  for  the  quantitative  analj^ses. 

Of  the  aeroscopes  and  methods  of  analysis  here  described, 
the  first  two  have  really  only  historical  interest.  The  auto- 
matic suction  balloon  was  the  instrument  with  which  Pasteur 
long-  since  outlined  the  bacteriological  topography  of  the  at- 
mosphere, which  Miquel  has  since  persistently  worked  upon. 
Hesse's  apparatus  marks  the  first  attempt  to  employ  the 
gelatin  cultures  of  Koch  in  quantitative  analysis  of  the  air. 
Of  the  other  four,  doubtless  the  solid  filters  will  deserve  pref- 
erence. They  are  easily  transported,  and  can  be  "charged'' 
with  bacteria  at  any  temperature  and  at  places  far  from  the 
laboratory,  after  which  the}'  can  be  kept  (at  least  for  several 
days)  until  cultures  can  be  started  under  favorable  conditions. 
They  also  accomplish  what  is  possible  toward  collecting  in  a 
relatively  short  time  all  germs  from  the  air  of  a  very  large 
sjjace.  Of  these  solid  filters,  the  soluble  appear  to  me  far 
superior  to  the  insoluble. 

In  this  chapter,  we  have  as  good  as  exclusively"  concerned 
ourselves  with  the  application  of  Koch's  methods  of  isolation 
in  gelatin  to  bacteriological  analysis.  It  must,  also,  be  said 
unqualifiedly  to  be  the  chief  method  of  such  analysis.  Start- 
ing plate-cultures  in  one  or  other  of  the  described  forms  is  the 
means  first  to  be  employed  when  bacteria  are  to  be  found  and 
sei^arately  cultivated  from  a  given  substance,  and  they  will 
in  most  cases  lead  to  the  desired  result  if  sufficient  attention 
is  given  to  varying  the  culture-material,  temperature,  time  of 
observation,  number  of  germs,  etc.  The  later  the  colonies  are 
counted,  the  more  probability  will  there  be  that  all  germs 
have  developed  into  visible  colonies.  It  is  not  so  much  the 
dang'er  of  atmospheric  contamination  which  leads  to  an  earlier 
examination  than  might  be  wished,  as  the  presence  of  rapidly 
growing,  liquefying  bacteria  and  moulds,  which  quickly  spread, 
so  as  to  cover  large  portions  of  the  gelatin.  But  it  is  self- 
evident  that  it  is  not  a  universal  method  in  the  sense  of  ren- 
dering every  other  method  superfluous.  On  the  contrary,  Ave 
maA'  often  do  well  to  use  the  various  other  methods  described 
in  Chapter  IV.,  either  alone  or  as  complementary;   but  no 
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general  rules  can  be  given  as  to  this,  so  that  one  must  choose 
his  plan  for  each  respective  case. 

Finally,  a  most  important  point  must  he  noted  with  refer- 
ence to  all  the  methods  thus  far  described,  viz. :  They  are 
calculated  for  only  aerobic  bacteria.  An  exhaustive  analysis 
of  an  unknown  mixture  of  bacteria,  includes  also  a  determin- 
ation of  the  pronouncedly  anaerobic  forms,  which  play  so  im- 
portant a  part  in  the  economy  of  nature,  as  well  as  in  the 
causation  of  disease.  In  what  precedes,  these  have  been  left 
entirely  out  of  consideration,  being-  reserved  for  special  and 
detailed,  discussion  in  the  next  chapter. 


CHAPTER  YIII 

CULTURE  OF  ANAEROBIC  BACTERIA. 

In  1861,  Pasteui'  made  the  surprising'  discovery  that  organ- 
isms exist  which  can  hve,  nourish  themselves,  and  propag-ate, 
without  access  to  free  oxj-g-en.  His  doctrine  of  anaerobiosis 
("  la  vie  sans  air")  was  received  with  doubt  and  mistrust;  but 
further  investigation  not  only  corroborated  his  observation, 
but  from  this  as  a  starting  point,  Pasteur  succeeded  in  lead- 
ing the  physiolog-y  of  respiration  into  new  channels,  bringing- 
us  nearer  to  an  understanding  of  many  important  processes 
of  fermentation.  Anaerobiosis  showed  itself  to  be  a  very  sig-- 
nificant  and  wide-spread  phenomenon,  and  a  closer  investiga- 
tion of  the  need  for  oxygen  of  different  bacteria  (as  well  as 
3'easts  and  moulds)  revealed  an  extreme  variability  in  this 
respect.  Some  bacteria  demand  a  very  abundant  suppl^^  of 
oxygen,  while  others  are  affected  b.y  it  as  a  poison,  which  not 
only  hinders  their  development,  but  quickly  destroys  their 
life.  Between  these  extremes — the  marked  aerobiotic  and 
anaerobiotic  forms — every  degree  of  transition  is  to  be  found. 
Some  forms  seem  to  thrive  about  equally  well  with  or  without 
free  oxj'g-en;  some  g-row  freely  exposed  to  oxygen  of  a  low 
tension,  others  when  this  is  g-reater — a  circumstance  which 
occasionally  finds  expression  in  a  very  striking  manner  in  the 
form  and  appearance  of  gelatin  cultures.  While  the  growth 
around  the  puncture  made  in  the  gelatin  occurs  for  manj^ 
species  very  abundantly  at  and  immediately  below  the  surface, 
and  diminishes  toward  the  bottom  (Fig.  42,  c),  other  cultlires 
may  be  found  (Fig.  42,  a)  which  show  an  extremel}'  slig-ht 
growth  near  the  surface,  while  the  colonies  of  bacteria  increase 
uniformly  in  size  the  further  they  are  removed  from  the  at- 
mosphere. The  former  is  consequently  aerobic,  the  latter 
anaerobic.  Beside  these  more  or  less  conical  cultures,  with 
the  point  directed  downward  or  upward,  others  occur  as  capil- 
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lary  or  thick  cj'linders  along"  the  needle  puncture  (Fig,  42,  6). 
The  oxygen  of  the  air  has  neither  helped  nor  hindered  the 
g-rowtli  of  these. 

The  discover}'  of  anaerobiosis  has  necessitated  the  intro- 
duction of  new  apparatus  and  methods  in  the  cultivation  of 
bacteria.  These  must  be  treated  now  in  detail,  especially 
since  we  already  know  several  pathogenic  forms  which  are 
markedlj^  anaerobic  (malignant  oedema,  charbon  symj)toma- 
tique).  Very  different  means  have  been  employed  for  keep- 
mg  the  oxygen  of  the  air  from  culture  vessels  and  material. 


^. 


^ 


Fig.  42. — Test-tube  Cultures,  a,  B.  inurisepticus,  in  agar-gelatiii ;  b,  a  colorless  yeast  in 
raisin-gelatin;  c,  B.  Anthracis,  in  agar-gelattn.  The  three  cultures  are  of  like  age,  and 
grown  under  exactly  the  same  condition? 


or  for  removing  all  absorbed  oxygen  from  the  latter.  Some- 
times the  effort  has  been  limited  to  covering  the  culture- 
medium  with  solid  substances  (glass,  mica,  agar-agar)^  fluid 
(oil),,  or  gas  (carbonic  acid,  hydrogen).  If  good  results  are  de- 
sired, the  free  oxygen  held  by  the  culture-medium  must  also 
be  removed  by  boiling,  the  use  of  the  air-pump,  the  passage 
of  a  gas  which  is  not  a  supporter  of  combustion,  but  at  the 
same  time  not  poisonous  (hydrogen),  or  by  the  aid  of  aerobic 
bacteria  or  chemicals  with  an  affinity  for  oxygen.  • 

Examijles  of  most  of  these  methods  are  described  below. 
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thoug-h  I  shall  confine  ni3-self  to  a  discussion  of  a  limited  num- 
"ber  of  kinds  of  apparatus  which  have  received  the  recommen- 
dation of  expert  investigators.  In  accordance  with  the  plan 
of  the  book,  the  principal  weight  will  then  he  laid  on  such 
methods  as  demand  the  most  readil}^  obtainable  and  cheapest 
material.  Those  who  wish  to  g-o  further  into  the  technology 
of  this  branch  of  the  subject  are  referred  to  the  two  chief 
treatises  on  the  subject,  by  Roux  ^  and  Siborius.' 

Even  by  the  best  of  the  methods  described,  it  is  not  possi- 
ble to  remove  the  last  trace  of  oxygen  from  the  culture- 
vessels,  but  they  have  shown  themselves  sufficiently  free  from 
oxygen  under  all  circumstances  for  the  cultivation  of  the  most 
pronouncedly  anaerobic  forms.  As  an  easily  applied  test  for 
freedom  from  oxygen,  sufficiently  accurate  for  our  purpose, 
indigotin  is  to  be  recommended.  Enough  of  a  very  dilute 
solution  of  the  sulphate  (1  gm.  indigotin  to  a  litre  of  water)  is 
added  to  the  culture -medium  to  give  it  a  distinct  blue  color,  a 
small  (xuantity  of  grape  sugar  is  added,  and  the  reaction  ren- 
dered distinctly  alkaline  by  the  addition  of  potash.  Three 
drops  of  a  10-per-cent  solution  of  potash  are  added  to  10  cc.  of 
nutrient  gelatin  or  agar,  which  in  addition  to  the  usual  sub- 
stances also  contains  1  per  cent  of  grape  sugar  (Liborius). 
"When  {by  means  of  boiling,  the  iDassage  of  hydrogen,  or  the 
use  of  the  air-pump)  the  oxygen  absorbed  hy  the  blue  culture 
substance  is  removed,  the  latter  becomes  colorless,  since  the 
indigo-blue  is  reduced  by  the  grape  sugar  to  indigo-white.  A 
return  of  the  blue  color  shows  that  oxygen  is  not  certainly 
enough  excluded. 

Trustworthy  and  adequate  apparatus  for  the  cultivation 
of  anaerobic  forms  can  only  be  prepared  when  a  hydrogen 
developer  or  air-pump  can  be  used.  For  the  former,  Kipp's 
apparatus  is  commonlj^  used,  though,  as  Jorgensen  has  shown, 
any  one  can  fit  up  a  sufficiently  good  generator  at  a  cost  of 
about  half  a  dollar,  by  using  a  common  student-lamp  chimney, 
fitted  \)y  a  loose  cork  (Fig.  43,  a)  into  a  cylindrical  glass  which 
contains  a  mixture  of  one  part  by  weight  of  sulphuric  acid 
and  eight  parts  by  weight  of  water  (prepared  Avith  care  by 
adding"  the  acid  to  the  water  while  it  is  being  stirred, — never 
by  adding  water  to  the  acid),  and  a  couple  of  drops  of  plati- 
num chloride  solution.  A  perforated  lead  plate  covered  with 
muslin  is  placed  at  h,  to   support  a  quantity  of  granulated 
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zinc  in  pieces  about  as  large  as  peas.  The  stopper  c  must 
be  of  rubber,  and  fit  perfecth'.  Hj-drogen  is  evolved  as 
soon  as  the  zinc  is  broug-ht  in  contact  with  the  acid;  but  if 
the  rubber  tube  at  d  is  closed  bj^  a  pinch-cock,  the  hydrogen 
drives  the  acid  down  to  below  6,  and  its  formation  stops,  to 
recommence  when  the  pinch-cock  is  again  loosened.  On  the 
way  to  the  culture-vessels,  the  gas  is  passed  through  an  alka- 
line solution  of  pyrogallic  acid  (e)  (1  part  of  a  25-per-cent 
aqueous  solution  of  pyrogallic  acid  is  thoroughly  mingled,  in 

a  perfectly  full  bottle,  with  a 
60-per-cent  solution  of  potash) 
to  remove  a  trace  of  oxygen 
Avhich  may  be  present. 

The  air-pump  belongs  to  the 
class  of  expensive  instruments 
which  it  is  not  proposed  to  dis- 
cuss here  in  detail.  It  is,  in- 
deed, a  great  comfort  to  have 
the  use  of  a  mercurial  air-pump 
when  the  cultivation  of  anaero- 
bic forms  is  to  be  undertaken, 
but  it  is  not  a  necessity.  A 
comparatively  cheap  and  good 
model  is  the  Sprengel  pump,  as 
modified  by  Hiifner.  One  of 
the  simple  water  air-pumps 
cannot  be  relied  on  for  the  re- 
moval of  oxygen  as  completely 
as  is  sometimes  necessary;  but  by  also  employing  hj^drogen 
as  indicated  by  Roux  {infra,  p.  526),  it  may  be  effected  with 
sufficient  completeness. 

The  vessels  and  methods  for  cultivating  anaerobic  forms 
will  be  considered  under  two  principal  classes,  according  as 
they  are  to  be  used  for  isolating  and  obtaining  pure  cultures 
of  anaerobic  forms  from  a  mixture  of  bacteria,  or  merely  for 
propagating  a  species  already  pure,  either  in  culture  or  in  a 
diseased  animal. 

I.  Isolation  from  a  Mixture  of  Species. 

Pasteur  succeeded  in  getting  the  first  pure  cultures  of  an- 
aerobic forms  in  fluid  media,  by  the  method  of  isolation  based 
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on  physiolog-ical  differences  of  species,  using"  carbonic  acid  or 
exhausting-  the  air.  More  recently,  tlie  attempt  has  been 
especially  made  to  apply  Koch's  methods  with  gelatinized 
media,  even  to  the  analysis  of  mixtures  containing*  anaerobic 
bacteria. 

^4.  Simpler  (and  more  incomplete)  means,  which  do  not 
require  the  use  of  either  air-pump  or  hydrogen  generator. 

1.  Plate  Cultures  under  Mica  (Koch). — Koch  made  the  at- 
tempt to  effect  the  plate-culture  of  anaerobic  forms  by  cover- 
ing the  g-elatin,  while  still  soft,  with  a  sterile  sheet  of  mica. 
This  must  usuall^^  be  as  thin  as  a  sheet  of  paper,  without 
flaAvs,  and  sterilized  by  flaming  immediately  before  use  (or  at 
150°  C,  wrapped  in  paper),  and  care  is  to  be  taken  not  to  allow 
air-bubbles  to  slip  under  it  Avhen  it  is  laid  on  the  gelatin.  To 
secure  a  still  surer  exclusion  of  ox^-gen,  the  margin  of  the 
mica  can  be  covered  with  melted  paraffin  (Fraenkel),  which 
quickly  hardens,  forming  a  solid  border.  In  this  way,  the 
usual  method  of  working  is  preserved,  as  well  as  an  easy  ac- 
cessibility for  microscopic  examination. 

It  is  easy  to  convince  one's  self  that  the  mica  plate  really 
hinders  the  access  of  oxygen  to  germs  beneath  it,  to  no  small 
degree.  If  a  decidedly  aerobic  non-liquefying-  form  has  been 
plated  out  in  this  manner,  the  colonies  maj'  be  seen  to  appear 
in  numbers  in  the  uncovered  part  of  the  gelatin,  while  beneath 
the  mica  they  occur  sparingly  near  the  margin,  and  in  the 
beginning  maj^  be  entirely  wanting  in  the  centre.  Yet  the 
method  is  frequently  unsatisfactory,  because  the  exclusion  of 
oxygen  is  not  sufficienth^  complete  and  lasting,  and  it  is  infe- 
rior to  those  described  below,  especially  that  recommended  by 
Liborius. 

2.  Isolation  in  a  Very  Deep  Solid  Medium  (Liborius). — 
A  small  quantity  of  the  mixture  to  be  analyzed  is  sown  in  a. 
test-tube  filled  to  a  depth  of  10  to  20  cm.  Avith  nutrient  gelatin 
or  agar,  which  has  been  melted  and  cooled  to  the  lowest  tem- 
perature at  which  it  will  remain  fluid.  The  material  is  distri- 
buted asuniformh'  as  possible  by  aid  of  a  thin  sterile  glass  rod 
carried  carefully  through  a  rotary  as  well  as  vertical  move- 
ment in  the  gelatin.  If  the  distribution  is  successful,  and  the 
number  of  germs  right,  very  pretty  results  maN'  be  obtained, 
the  number  of  aerobic  forms  decreasing  in  size  and  number 
from  the  top,  while  on  the  other  hand  the  anaerobic  forms 
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grow  only  toward  the  bottom,  and  are  always  wanting*  from 
the  uppermost  part  of  the  g^elatin.  In  either  case,  the  distri- 
bution of  the  colonies  always  g"ives  a  g"ood  basis  for  deciding- 
as  to  their  need  of  oxygen. 

The  colonies  of  bacteria  are  naturally  far  less  easily  acces- 
sible for  examination  in  the  depth  of  such  a  test-tube  than  in 
a  plate-culture.  When  there  are  few  of  them, 
and  each  colony  is  larg-e  and  liquefies  the  gela- 
tin, material  for  new  cultures  or  for  examina- 
tion is  easily  obtained  by  thrusting  a  sterile 
capillary  tube,  open  below  but  sealed  at  top, 
through  the  gelatin  until  the  colony  is  reached, 
when  the  top  is  broken  off.  In  other  cases, 
it  may  be  necessary  to  break  the  tube  and  to 
cut  the  gelatin  up  in  a  sterile  tray  so  as  to 
render  the  colonies  accessible  to  the  needle. 
If  agar  is  used,  this  can  usually  be  blown  out 
of  the  tube  by  means  of  a  Pasteur  pipette  (p. 
483)  passed  down  at  one  side.  The  micro- 
scopic examination  of  the  colonies  under  mod- 
erately high  powers  can  likewise  often  be  con- 
veniently made  only  after  removing  the  con- 
tents from  the  g-lass  and  cutting"  it  in  thin 
slices. 

B.  Methods  in  which  hj^drog-en  is  used  to 
replace  the  air. 
3.  Isolation  in  Gelatinized  Media. — Roux  recommends  a 
tube  similar  in  all  essentials  to  that  shown  below  in  Fig-ure  56, 
but  of  considerably  larg"er  size.  After  hydrog^en  has  been 
passed  for  a  sufiicientl}^  long"  time  through  the  liquefied  and 
inoculated  g-elatin,  this  is  allowed  to  solidify  while  the  tube  is 
horizontal.  When  the  colonies  are  developed,  the  tube  is  cut 
lengthwise  with  a  diamond  into  two  boat-shaped  halves,  the 
one  containing  the  g^elatin  being"  then  easily  accessible  for 
observation. 

Fraenkel  uses  the  following"  method :  The  test-tubes,  rather 
thick -walled,  of  large  diameter,  and  without  spreading  rims, 
are  plugged  with  cotton  sterilized  in  the  usual  way,  and  inoc- 
ulated in  three  degrees  of  dilution  as  described  on  p.  500,  after 
which  the  j)lugs  are  replaced  as  rapidly  as  possible,  with  ster- 
ilized fingers,  b}'  closely  fitting  rubber  stoppers  with  double 
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perforation,  containing-  two  glass  tubes  bent  at  right  angles 
above  the  stopper.  One  of  these  reaches  the  bottom  of  the 
test-tube,  while  the  other  ends  immediately  below  the  stopper. 
The  horizontal  branches  are  contracted  to  capillary  cavities 
near  the  ends,  which  are  plug-ged  with  cotton.  The  stopper 
and  tubing  must  be  carefully  sterilized,  before  the  test-tube  is 
infected.  This  is  done  exactly  as  described  above  (Chamber- 
land  filter,  p.  449),  i.e.,  by  sterilizing  the  stopper  in  0.1  per  cent 
sublimate,  and  the  tubes  at  150°  C,  both  being  wrapped  in 
paper  and  finally  sterilized  by  steam  after  being  set  up  in  an 
autoclave;  the  stopper  and  tubing  can,  of  course,  be  quickly 
sterilized  together.  Just  before  being  used,  the  rubber  stopper 
is  unwrapped,  the  long  tube  drawn  through  the  flame,  to  be 
sure  of  its  sterilization,  and  the  stopper  firmly  fixed  in  the 
test-tube,  after  which  it  is  coated  with  paraffin,  especially 
about  the  small  tubes  and  where  it  meets  the  side  of  the  test- 
tube.  The  long  tube  is  now  connected  with  the  hydrogen 
generator,  while  the  test-tube  is  kept  at  37°  C.  by  the  use  of  a 
water-bath.  According  to  Fraenkel,  the  rapid  passage  of 
hydrogen  for  four  minutes  insures  the  removal  of  free  oxygen, 
after  which  the  two  tubes  are  sealed  by  melting  at  the  con- 
strictions, and  the  test-tube  is  rotated  under  a  stream  of  cold 
water  until  the  gelatin  has  solidified  upon  the  walls.  B^^  this 
means  a  "  roll-culture "  of  anaerobic  forms  is  ultimately  ob- 
tained (Fig.  45). 

4.  The  Capillary  Tube  Method. — This  is  obviously  applic- 
able to  the  isolation  of  anaerobic  species,  and  has  been  espe- 
cially recommended  for  this  purpose  hj  Klebs  and  Vignal.  The 
latter  advises  its  combination  with  the  passage  of  hydrogen 
and  the  use  of  solid  culture-media.  A  small  quantity  of  nutri- 
ent agar  or  gelatin  is  brought  to  the  boiling  poin  t  and  allowed 
to  cool  off  while  a  constant  stream  of  hydrogen  is  passed 
through  it  by  means  of  a  bent  Pasteur  pipette  inserted  be- 
tween the  wall  of  the  test-tube  and  its  cotton  plug  (Fig\  4G). 
By  use  of  a  water  bath  the  g-elatinized  contents  are  prevented 
from  solidifying.  The  tube  is  infected  while  hydrogen  is  pass- 
ing through.  After  this  has  been  continued  a  few  minutes 
longer,  and  while  the  stream  is  still  passing,  the  gelatin  is 
quickly  sucked  up  into  capillar}'-  tubes  about  50  cm.  long, 
which  are  sealed  at  both  ends  and  can  be  fastened  later  upon 
black  cardboard. 
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C.  Methods  depending-  upon  the  use  of  the  air-pump. 

Where  an  air-pump  can  be  had,  a  xery  simple  culture- 
apparatus  (Roux,  Fig-.  47)  can  be  used.  This  is  closed  by  a 
cotton  plug  and  contains  a  rather  small  quantity  of  nutrient 
gelatin.  Afer  the  latter  is  infected,  the  plug  (a)  is  crowded 
down  to  the  constriction  c,  the  tube  is  softened  and  slightly 
constricted  at  h,  and  the  gelatin  remelted.  By  means  of  a 
piece  of  rubber  tubing,  the  tube  is  connected  with  the  air- 
pump,  and  the  air  exhausted  from  it,  the  glass  being  mean- 
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Fio.  45.— Roll-culture  of  Anaerobic  Bacteria  (Fraenkel). 

Fig.  46.— Use  of  a  Bent  Pasteur  Pipette  for  Passing  Hydrogen  through  Gelatin  Prepara- 
tory to  Making  Capillary  Tube-cultures 


time  carefull3"  warmed  by  passing  a  gas  or  spirit  flame  up  and 
down  its  sides  at  short  intervals.  When  the  air  is  exhausted, 
the  tube  is  melted  at  b,  which  hermetically  seals  it  and  at  the 
same  time  separates  it  from  the  air-pump.  A  "  roll-culture  " 
is  finally  obtained  by  allowing  the  gelatin  to  harden  in  a  thin 
laj^er  on  the  inside  of  the  tube. 

According  to  Roux,  a  small  water  air-pump  (filter-pump) 
is  sufficient  if,  h\  means  of  a  T-tube  with  two  glass  stop-cocks 
(Fig.  48),  the  culture-tube  is  likewise  joined  to  a  hydrogen 
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g-enerator,  and  the  exhaustion  of  the  air  alternated  five  or  six 
times  with  the  admission  of  hydrog-en. 

Having-  now  explained  how  pure  material  of  anaerobic 
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Fia.  47.       Fig.  48. 
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Fig.  49. 


F1G.47.— Culture-vessel  for  Isolating  Anaerobic  Bacteria  in  Gelatin  in  a  Vacuum  (Roux). 
Fig.  48.— The  Same   Apparatus  Arranged  with  T-tube  for  Alternating  Connection  with 
Filter-pump  and  Hydrogen-generator  (Roux). 

Fig.  49.— Vessel  for  Cultivation  of  Anaerobic  Species  under  Hydrogen  (Salomonsen). 

forms  is  obtained  by  cultures  in  solid  media,  it  remains  briefly 
to  explain  the  use  of  fluid  media  for  the  same  purpose.     Three 


528 


Bacteriological    Technology. 


courses  are  open,  so  that  it  is  possible  to  employ  the  capillary- 
tube  method,  as  described  on  p.  525,  or  the  method  of  dilution, 
by  adding-  a  drop  of  the  greatly  diluted  substance  to  each  of  a 
large  number  of  culture-flasks,  which  may  then  be  used  for 
cultures  under  hj'^drogen  or  in  a  vacuum. 

For  the  passage  of  hydrog-en,  culture-vessels  like  that  of 
Fraenkel  (Fig.  43)  may  be  used,  or  my  own  (Fig.  49),  in  which 
the  part  used  for  the  culture  is  about  10  cm.  long  and  2  cm. 
in  diameter.  The  contents  are  inoculated  through  the  verti- 
cal tube,  closed  at  top  by  a  cotton-plugg"ed  rubber  tube  (a). 


Fig.  50.  Fig.  51. 

Figs.  50  and  51.— Two  Culture-vessels  after  Pasteur. 

and  hydrogen  is  admitted  through  the  bent  tube,  provided  at 
d  with  an  ordinary  cotton  plug'.  Just  behind  each  plug,  the 
tubes  are  narrowly  constricted  just  before  the  hydrog-en  is 
passed  through,  and  as  soon  as  the  stream  is  discontinued  the 
apparatus  is  hermetically  sealed  at  these  points.  If  the  tubes 
are  made  long  enough  in  the  first  place,  these  vessels  may  be 
used  several  times  in  succession. 

Vacuum-cultures  may  be  made  in  Roux's  tubes  (Fig.  47),  or 
in  those  shown  in  Fig-ures  50  and  51,  which  have  been  con- 
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stantly  used  in  Pasteur's  laboratory  for  many  years.  These 
are  filled  tliroug'li  the  capillar}-  tubes  (o),  b}^  applying*  suction 
at  h,  after  which  the  fine  tubes  are  hermetically  sealed  and 
the  hole  sterilized.  The  contents  are  inoculated  by  sucking- 
some  of  the  questionable  iiKiterial  in  throug'h  the  tube  a,  after 
this  has  been  heated  to  redness  and  bent  away  from  the  larg-er 
tube,  and  its  end  flamed  and  broken  off,  to  be  subsequenth^ 
melted  together  ag-ain.  The  apparatus  is  connected  with  the 
air-pump  by  means  of  rubber  tubing-.  Fig-ure  50  shows  a  sim- 
ilar vessel  in  which  two  cultures  may  be  carried  on  simultane- 
ousl3%  or  first  in  one  receiver  and  later  in  the  other,  by  care- 
fully pouring-  a  drop  into  it  from  the  first. 

II.  Preservation  of  a  given  Anaerobic  Culture. 


For  keeping-  a  pure  culture  upon  solid  media,  all  of  the  ap- 
pliances recommended  above  may  be  used,  and  isolated-colony 
cultures  obtained,  which,  as  a  rule,  are  attended  by  no  incon- 
venience. If  thrust-cultures  are  desired,  other  /'^^x 
methods  must  be  employed,  such  as  the  follow- 
ing- four : 

1.  Use  of  Oil  or  a  Gelatinizing  Plug. — 
The  inoculation  thrust  is  made  as  usual  in  a 
tube  of  ag-ar  or  serum,  but  with  a  glass  needle 
in  preference  to  platinum  (p.  484).  Immedi- 
ately afterward,  a  layer  5  cm.  thick  of  olive-oil 
previously  sterilized  by  boiling-,  or  of  sterilized 
2-per-cent  ag-ar  which  has  been  allowed  to 
cool  to  about  40°  C,  is  poured  into  the  tube, 
with  the  usual  precautions.  The  advantag-es 
and  disadvantag-es  of  each  of  these  substances 
are  self-evident. 

2.  Use  of  Entirely  Filled  and  Hermeti- 
cally Sealed  Tubes  (Roux). — A  tube  of  the 
form  shown  in  Fig-.  53  a,  is  plugged  with  cot-      fig.  si.  -  cuitiva- 

'■         -'-  tion     of     Anaerobic 

ton  at  its  ui^per  end,  and  the  lower  capillary  species  under  on  or 
portion  is  sealed  by  fusion,  after  which  it  is  ^s^^v. 
sterilized  by  hot  air  at  150°  C.  Sterile  nutrient  g-elatin  or 
ag-ar  is  brought  to  the  boiling-  point,  and  as  soon  as  it  has 
ceased  boiling-  the  opened  capillary  end  of  the  tube  is  dipped 
into  it,  and  the  tube  is  filled  up  to  the  constriction,  by  suction. 
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By  pressing-  a  finger  tig-htly  over  the  upper  end,  and  quickly 
raising"  the  tube  into  an  obUque  f)osition,  the  gelatin  is  pre- 
vented from  running  out  of  the  end,  which  is  at  once  sealed 
in  the  flame.  The  upper  end  is  likewise  sealed  by  fusion  at  the 
constriction  just  above  the  gelatin.  When  the 
contents  are  to  be  inoculated,  one  end  is  opened, 
a  thrust  is  made  with  an  infected  fine  glass 
needle,  and  the  tube  is  ag-ain  sealed.  When 
the  developed  culture  is  to  be  examined,  it  is 
best  to  open  the  end  opposite  that  from  which 
the  thrust  Avas  made,  otherwise  the  colonies 
can  easily  be  forced  from  the  tube  by  the  pres- 
sure of  gas  generated  during  their  growth. 

3.  Removal  of  Oxygen  by  the  aid  of  Aero- 
bic Bacteria. —  Roux's  method  is  as  follows: 
A  suitable  quantity  of  nutrient  agar  is  boiled 
in  a  cotton-plugged  test-tube,  and  quickly 
cooled  in  cold  water.  Immediatel}^  after  it 
has  become  solid,  it  is  inoculated  by  a  glass 
needle,  after  which  a  small  quantity  of  melted 
but  not  too  hot  nutrient  jelly  is  poured  into 
the  tube,  and,  as  soon  as  it  has  solidified,  a 
couple  of  drops  of  bacillus  subtilis,  or  some 
other  decidedly  aerobic  species,  are  sown  upon 
its  surface.  The  test-tube  is  then  fused  to- 
gether at  top,  and  set  in  the  brood-oven.  B. 
subtilis  grows  rapidly  upon  the  surface,  using 
up  the  oxygen  above  it,  and  so  preventing  this 
from  reaching  the  agar,  in  which  the  anaerobic 
form  is  consequently  permitted  to  grow  undis- 
turbed. To  obtain  material  for  transfers  from 
this  culture,  the  tube  is  opened  by  breaking  ofT 
its  bottom,  to  avoid  the  admixture  of  B.  sub- 
tilis. 

Cultures  can  also  be  made  in  the  appa- 
ratus shown  in  Figure  54,  where  the  mixture 
of  the  two  forms  is  entirely  avoided.  The  inner  tube  is  filled 
by  means  of  a  Pasteur  pipette  with  agar-gelatin,  and  the  space 
about  it,  with  bouillon;  the  former  is  inoculated  with  the 
anaerobic  form,  the  latter,  with  the  aerobic  species,  and  the 
outer  tube  is  sealed  hcruK^tioally  at  a. 


Fig.  53.  —  Pipette 
Tubes  for  Cultivatiiif;; 
Anaerobic  Species 
(Roux). 
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4.  Removal  of  Oxygen  by  Pyrogallic  Acid. — Buckner  has 
recently  recommended  the  following*  method:  The  anaerobic 
form  is  sown  in  a  small  cotton-plug-g-ed  test-tube  containing- 
ag'ar,  immediately  after  the  latter  has  been  boiled  and  rapidly 
cooled  down.  This  tube  is  then  supported  on  a  simple  wire 
stand  (Fig.  55)  [or  a  piece  of  spiral  spring]  in  a  larger  test- 
tube,  the  lower  part  of  which  contains  an  alkaline  solution  of 
pyrogallic  acid  (I  gm.  of  pyrogallic  acid;  10  cc.  of  10-per-cent 
solution  of  caustic  jDotash).  The  larger  tube  is  carefully  closed 
by  a  tightly  fitting  rubber  stopper,  which  is  slightly  moist- 


FiG.  54. 


Fig.  55. 


Fig.  56. 


Fig.  54. — Method  of  Cultivating  Anaerobic  Bacteria  by  Aid  of  Others  which  Exhaust  the 
Oxygen  (Salomonsen). 

Fig.  55. — Apparatus  for  use  of  PyrogalHc  Acid  (Buchner). 

Fig.  56. — Arrangement  for  Cultivating  Anaerobic  Species  on  Potato  (Roux). 


ened  on  the  sides,  and  the  culture  is  usualh'  set  in  the  brood- 
oven  at  a  httle  over  30°  C.  Buckner  has  satisfied  himself  that 
the  development  of  so  markedly'  anaerobic  a  form  as  the 
bacillus  of  malig'nant  oedema  is  easily  effected  in  this  appara- 
tus, though  a  little  slowly.  Absorption  of  the  oxygen  is  hast- 
ened by  forcibly  shaking  the  tube  now  and  then. 

5.  Potato-Cultures  i7i  a  Vacuum. — Roux  employs  the  ap- 
paratus shown  in  Figure  56  for  this  purpose.     After  the  piece 
of  potato  has  been  sterilized  in  the  steam-cylinder,  and   the 
condensed  moisture  has  collected  at  the  bottom  of  the  tube, 
11—35 
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below  the  narrowed  portion  h,  the  potato  is  inoculated  in  the 
usual  way,  and  the  test-tube  hermetically  sealed  at  a.  The 
small  lateral  tube  is  then  connected  with  the  air-pump,  the 
exhaustion  is  kept  up  for  several  minutes,  so  that  all  air  may 
escape  from  the  interior  of  the  potato,  and  the  tube  is  sealed 
b}'  melting  at  c. 

The  preservation  of  anaerobic  pure  cultures  in  fluid  media 
is  exposed  to  no  difficulties.  The  apparatus  adapted  to  the 
passag-e  of  hydrog"en  (Fig-.  49),  or  to  the  use  of  the  air-pump 
(Figs.  47,  50,  51),  is  employed. 


\ 


CHAPTER    IX. 

CULTIVATING     MICRO-ORGANISMS     UNDER     THE     MICRO- 
SCOPE. 

If  it  is  desired  to  follow  the  development  of  a  microbe  hy 
miinterrupted  observation  for  some  hours  or  days,  so  that 
growth,  fission,  the  formation  and  g-ermination  of  its  spores, 
etc.,  may  be  directlj'  seen,  the  culture  must  be  made  in  a 
"moist  chamber,"  attention  being-  given  to  the  usual  precau- 
tions, such  as  preliminary  sterilization  of  the  several  parts  of 
the  chamber,  rapid  inoculation,  etc.  The  chambers  must  be 
hermetically  sealed  by  melting,  using  cement,  or  in  some  such 
manner,  to  prevent  evaporation  or  infection.  They  must, 
therefore,  be  large  enoug-h  to  contain  a  sufficient  quantity  of 
air  in  addition  to  the  necessary  nutrient  substance.  Investi- 
gations of  this  sort  are  most  frequently  attended  with  some 
difficulty,  especially  for  beginners,  who  can  best  practise  them 
upon  larger  forms,  such  as  j^easts  and  moulds,  passing  from 
these  to  the  spore  formation  and  germination  of  the  large 
species  of  bacillus. 

The  following  rules  are  observed  in  employing  the  various 
moist  chambers,  the  most  important  and  useful  of  which  will 
be  described. 

Cover-glasses  are  cleansed  in  the  usual  manner  with  hydro- 
chloric acid,  followed  by  alcohol  and  finally  b^^  distilled  water. 
After  careful  drying  thej^  are  laid  in  a  j)air  of  small  glass 
trays  (Fig.  13)  which  are  wrapped  in  paper  and,  with  their  con- 
tents, sterilized  in  the  dr^-  oven  at  150°  C  For  further  cer- 
tainty, the  cover-glasses  may  be  drawn  several  times  through 
the  flame,  immediately  before  use.  In  the  same  way,  the  dif- 
ferent kinds  of  slides  and  chambers  are  sterilized  by  drj^  heat, 
wrapped  in  paper,  in  which  they  remain  until  the  moment  of 
use. 

In  preparing  the  moist  chambers  it  is  well  to  use  a  larger 
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piece  of  sterilized  paper  to  unAvrap  the  slides  upon,  and  to 
cover  them  with  small  bell-glasses,  leaving  them  uncovered 
for  only  the  shortest  possible  time.  Cover-glasses  must  be 
treated  with  the  same  care.  The  larger  shallow  glass  trays 
(Fig.  12)  serve  well  as  bell-glasses. 

Several  chambers  are  commonly  employed  at  the  same 
time,  since  some  of  them  are  liable  to  contamination  while 
being  prepared,  even  though  they  are  sown  quickly  and  care- 
fully. 

Cell-cultures  are  always  started  from  young  and  strong 
cultures,  usually  in  the  same  medium  that  is  used  in  the 
moist  chamber.  Care  is  to  be  taken  that  the  germs  are  uni- 
formly distributed,  and  in  proper  number,  one  to  four  in  each 
field  of  the  microscope  being  right.  As  this  depends  upon 
repeated  preliminary  examinations,  three  test-tubes  are  used. 


Fig.  57.— Hollow-ground  Slide  for  use  with  Hanging  Drops. 

each  containing  a  few  grams  of  a  suitable  nutrient  medium. 
A  rather  large  number  of  germs  are  suspended  in  the  first, 
and  the  effort  is  made  by  strong  shaking  to  isolate  them  and 
distribute  them  uniformly.  A  drop  is  then  transferred  by 
means  of  a  platinum  loop  to  the  second  tube,  and  after  thor- 
ough agitation  the  number  of  germs  in  the  new  mixture  is 
determined  under  the  microscope  by  examining  a  drop  of  it  in 
the  sort  of  moist  chamber  to  be  employed  for  the  culture,  and 
with  the  power  to  be  used  for  this.  If  there  are  too  many 
germs,  a  little  fluid  is  added  from  the  third  test-tube,  but  if 
too  few  are  present,  their  number  is  increased  by  adding  a 
drop  from  the  first  tube. 

One  of  the  simplest  and  most  frequently  used  moist  cham- 
bers (in  which  Koch  first  observed  the  growth  and  spore 
formation  of  Bacillus  anthracis  outside  of  the  animal  organ- 
ism, in  1876)  is  the  hollow-ground  slide — a  glass  slip  of  the  form 
and  size  of  an  ordinary  microscope  slide,  with  a  circular  de- 
pression at  the  centre,  about  15  mm.  in  diameter  (Fig.  57). 
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After  placing-  a  small  drop  of  culture-fluid,  containing  the 
microbe  to  be  studied,  on  the  lower  side  of  a  cover-glass,  this 
is  laid  over  the  hollow  and  fastened  to  the  slide  in  an  air-tig-ht 
manner  by  smearing-  with  vaselin.  Aside  from  the  g-eneral 
rules  given  above,  attention  is  to  be  given  in  the  use  of  this 
cell,  and  in  examination  in  hanging-  drops  to  the  following: 
The  drop  must  be  spread  out  in  as  thin  a  layer  as  possible, 
because  it  must  usually  be  capable  of  examination  thi-ough  its 
entire  depth.  Often  it  is  well  to  place  a  drop  of  sterile  nutri- 
ent fluid  on  the  cover-g-lass,  and  to  infect  it  at  some  easilj* 
recognized  point  along-  the  marg-in  of  the  drop. 

It  is  best  when  the  drop  has  been  placed  on  the  cover,  to 
fix  this  to  the  slide  by  smearing-  a  little  vaselin  around  the  de- 
pression with  a  sterile  glass  rod,  after  which  the  slide  is  lifted 
and  turned  over,  and  pressed  against  the  cover-glass  so  that 
the  edges  of  the  latter  are  covered  by  the  vaselin,  wiiile  the 
culture  drop  projects  into  the  hollow.  Instead  of  fluid,  a 
small  quantity  of  nutrient  gelatin  may  be  placed  on  the  lower 
side  of  the  cover-glass,  making-  a  miniature  plate-culture. 

The  preparation  is  first  examined  with  a  low  power  to  get 
a  notion  of  the  germs  present,  and  to  find  a  place  where  the^^ 
are  especially  well  distributed,  wiien  the  slide  is  fastened  on 
the  stage  of  the  microscope  and  the  g-erms  that  have  been 
picked  out  are  found  with  the  hig-her  power  it  is  wished  to  use 
for  the  continuous  observation.  When  a  hang-ing-  drop  is  to 
be  found  and  brought  into  focus  under  the  microscope,  this  is 
greatly  facilitated  by  the  fact  that  moisture  at  once  con- 
denses upon  the  cover-glass  about  the  drop,  so  as  to  give  the 
cover  a  roughened  appearance.  By  first  finding  this,  and  then 
moving  the  slide  until  it  disappears,  the  margin  of  the  drop 
is  reached.  Cultures  of  this  sort  can  be  kept  on  the  stage  of 
the  microscope  for  daj'S  without  suffering  harm,  and  the  de- 
velopment of  a  single  germ  can  thus  be  followed,  step  by  step. 

If  it  is  desired  to  hasten  the  process,  or  if  the  temperature 
of  the  room  is  too  cold  for  the  development  of  the  bacteria, 
the  moist  chamber  may  be  placed  on  some  form  of  warm 
stage  (such  as  Schultze's,  Ranvier's,  Israel's,  or  Vignal's),  or 
the  thermostat  for  the  microscope,  recommended  by  Panum 
{Nord.  Med.  Arkiv,  1874,  VI.,  No.  7),  may  be  used.  Usually, 
however,  it  is  sufficient  to  place  the  moist  chamber  in  the 
brood-oven,  removing  it  now  and  then  for  microscopic  exam- 


536  Bacteriological    Technology. 

ination,  care  being-  taken  to  find  the  same  part  of  the  prepar- 
ation each  time.  The  simplest  "  finder  "  for  marking-  a  g'iven 
point  so  that  it  can  quickly  be  found  ag-ain  under  the  micro- 
scope, is  that  indicated  by  Hofmann,  viz.,  scratching-  a  cross 
on  each  side  of  the  opening-  in  the  stag-e,  one  upright  (+),  the 
other  oblique  ( X ).  When  the  point  to  be  marked  is  centred 
in  the  field,  two  crosses  are  marked  in  ink  on  the  slide  exactly 
over  those  on  the  stage. 

Boettcher's  moist  chamber  (Fig.  58)  consists  of  a  deep 
glass  ring  fastened  to  a  slide  by  a  cement  which  is  not  injured 
by  heating  to  150°  C.  for  sterilization.  The  experimenter  can 
easily  fasten  the  rings  by  one  of  the  cements  for  mending 
glass-ware;  Hansen  recommends  for  the  same  purpose  a  solu- 
tion of  gelatin  in  glacial  acetic  acid,  to  which  finely  pulverized 
potassium  bichromate  is  added  just  before  use. 


Fig.  58.— Boettcher's  Moist  Chamber. 

A  little  sterilized  water  is  placed  in  the  bottom  of  the  cell, 
and  the  upper  edge  of  the  ring  is  painted  with  vaselin  to 
fasten  the  cover-glass.  The  chamber  is  used  like  the  hollow- 
ground  slide,  either  for  examination  in  hanging  drops,  or  for 
the  observation  of  small  plate-cultures  in  gelatin.  The  latter 
is  the  method  used  by  E.  Chr.  Hansen  in  obtaining  pure  cul- 
tures of  yeast  for  use  in  breweries,  starting  from  a  single  cell. 
As  a  rule  he  employs  rather  large  rings  (about  25  mm.  inside 
diameter),  and  round  cover-glasses  of  corresponding  size.  A 
drop  of  nutrient  gelatin  containing  the  yeast  is  spread  upon 
the  latter,  with  all  of  the  precautions  indicated  above  ("Med- 
delelser  fra  Carlsberg  Laboratoriet,"  ii.,  152). 

The  use  of  hanging  drops  is  attended  with  certain  difficul- 
ties. The  depth  of  the  drop  is  relatively  great,  its  lower  sur- 
face is  not  j)lane,  and  the  germs  easily  change  position  in  it. 
These  difficulties  are  partly  avoided  by  the  use  of  gelatin, 
which,  nevertheless,  can  by  no  means  entirel.y  replace  fluid 
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culture  media  because  of  its  influence  upon  the  movements 
and  mode  and  rapidity  of  growth  of  bacteria.  Bref eld's  film- 
cultures,  described  below,  avoid  these,  but  are  attended  with 
others. 

A  simple  means  of  remedying-  some  of  the  defects  of  the 
hang-ing-  drop  consists  in  covering-  the  lower  surface  of  the 
drop  with  a  fragment  of  cover-glass,  which  adheres  by  capil- 
lary attraction,  insuring  a  flat  bottom  to  the  fluid.  The  same 
end  is  reached  by  the  use  of  Ranvier's  moist  chamber  (Fig. 
59),  consisting  of  a  slide  with  a  deep  groove  ground  in  the 
centre,  surrounding  a  circular  disk  the  surface  of  which  is 
about  0.1  mm.  lower  than  the  rest  of  the  slide.  The  drop  of 
fluid  is  placed  upon  this  lower  central  part,  vaselin  is  painted 
around  the  groove,  and  the  cover-glass  pressed  down  upon  it. 
In  this  way  the   drop  is  hermetically  inclosed  between  two 
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Fig.  59.— Ranvier's  IMoist  Chamber. 

parallel  flat  surfaces,  while  the   groove  serves   as  an  air- 
chamber. 

A  very  expensive  and  fragile,  but  otherwise  excellent 
moist  chamber,  is  the  modification  of  De  Bary's  and  Geissler's 
model  used  by  Brefeld  in  his  study  of  Bacillus  suhtilis,  in 
which  he  succeeded  in  following  the  entire  development  from 
spore  to  vegetative  cells  and  from  these  to  new  spores.  This 
is  a  glass  tube  20  cm.  long  (Fig.  60),  in  the  middle  of  which  a 
transversely  cj'lindrical  cell  2  mm.  deep  is  blown,  the  flat  top 
and  bottom  of  which  have  the  thickness  of  a  cover-glass.  To 
prepare  it  for  use,  it  is  thoroughly  cleansed  with  hydrochloric 
acid,  distilled  water,  alcohol,  and  ether,  and  each  end  of  the 
tube  is  plugged  with  cotton.  When  dry  it  is  sterilized  at  150° 
C.  The  microbes  to  be  studied  are  uniformly  distributed  in  a 
suitable  culture  fluid,  until  by  examining  several  drops  spread 
very  thinh^,  it  is  found  that  they  are  present  in  the  right 
number  (about  one  to  four  to  each  microscope  field).     One  plug 
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is  now  removed,  the  open  end  is  quickly  flamed  and  immersed 
in  the  fluid,  which  is  drawn  into  the  cell  by  suction  applied  to 
the  other  plug-ged  end  of  the  tube.  When  the  chamber  is 
quite  full,  the  fluid  is  allowed  to  run  out  again,  the  wet  end  of 


the  tube  is  dried  with  sterilized  filter-paper, 
and  replugged,  both  ends  are  sealed  with  seal- 
ing- wax,  and  the  cell  is  ready  for  examination. 
The  inside  of  the  thin-walled  chamber  is  here 
lined  by  a  very  thin  film  of  fluid  containing 
the  germs,  so  thin  that  the  bacteria  do  not 
move  about  in  it.  A  suitable  part  of  the  pre- 
paration is  found,  and  the  chamber  is  fixed 
upon  the  stage  of  the  microscope.  In  search- 
ing through  it,  which  is  done  with  the  lowest 
power  sufficient  for  recognizing  the  germs,  care 
is  taken  not  to  crowd  the  objective  against 
the  thin  and  fragile  wall  of  the  cells,  a  mis- 
hap which  is  rendered  all  the  easier  by  the  fact 
that  the  latter  is  not  perfectly  flat.  It  is  most 
easily  fastened  on  the  stage  by  first  placing  it 
upon  a  thin  and  well-cleansed  slide,  to  which 
the  cylindrical  ends  can  be  attached  by  paraf- 
fin. Admitting  of  the  safe  and  easy  trans- 
mission of  gases,  this  moist  chamber  can  also 
be  used  for  studying  the  development  of  bac- 
teria in  different  gases. 

Other  forms  of  moist  chambers  are  easily 
improvised  out  of  the  material  and  appliances 
to  be  found  in  every  laboratory.  As  it  may 
be  important  at  times  to  work  with  a  very 
large  number  of  cell-cultures  at  the  same  time, 
some  of  these  easily  extemporized  forms  de- 
serve description. 

Buchner  studied  the  germination  of  spores 
of  Bacillus  antliracis  in  a  moist  chamber  such 
as  is  shown  in  Figure  61.  A  very  small  quan- 
tity of  a  pure  culture  containing  only  the  spores  of  this  species 
is  dried  upon  a  cover-glass,  and  a  small  drop  of  culture-fluid 
added.  The  cover  is  then  supported  on  a  slide  at  two  edges, 
by  fragments  of  cover-glass,  the  entire  margin  sealed  with 
some  cement,  and  the  slide  placed  on  a  warm  stage. 


Fig.  60.  — Geissler 
chamber  for  Cultiva- 
tion in  a  Film  (Bre 
feld). 
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A  cell,  the  inventor  of  which  is  not  known  to  me,  consists 
of  rather  thick  pasteboard  (No.  16),  cut  into  the  form  shown 
in  Fig'ure  G2,  and  carefully  sterilized  by  boiling-  or  in  the  steam 
cylinder,  which  is  best  effected  by  piling-  several  pieces  up  be- 
tween a  couple  of  microscope  slides  and  tjdng-  them  firmly 
tog-ether.  One  of  the  pieces  of  pasteboard,  while  still  wet  from 
sterilization,  is  laid  on  a  sterile  slide  and  pressed  into  contact 
by  a  glass  rod.  A  cover-g-lass,  with  the  hang-ing  drop,  is  laid 
over  the  hole  in  the  pasteboard  and  carefullj^  pressed  down 
on  it,  after  which  sterile  water  is  added  at  one  edge  until  the 
paper  refuses  to  absorb  more.  In  this  simple  chamber,  the 
paper  serves  both  as  a  source  of  moisture  and  a  means  of  at- 
taching- the  cover,  so  that  it  must  be  kept  from  drying  out  as 
long-  as  the  chamber  is  in  use;  consequently,  when  not  under- 
g-oing-  examination,  cells  of  this  kind,  like  plate-cultures,  need 
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Figs.  61  and  G;i.— Improvised  Moist  Chambers.    61,  Buchner's  form;  62,  Cardboard  for  Cell. 


to  be  kept  in  a  large  moist  chamber  (c/.  p.  499),  and  from  time 
to  time  the  pasteboard  must  be  resaturated  by  the  addition 
to  the  outer  edge  of  a  little  sterile  water  or  very  dilute  subli- 
mate solution.  For  this  reason  this  form  of  cell  is  not  well 
adapted  to  continuous  observation  under  the  microscope  for 
a  period  of  days,  though  it  may  often  prove  very  useful  as  an 
accessory.  Other  materials  may  also  be  used  for  the  prepa- 
ration of  moist  chambers  of  the  same  sort. 

In  his  studies  of  the  life-history  of  the  hig-hcr  fungi,  Brefeld 
has  cultivated  them  under  control  of  the  microscope  by  the 
simple  use  of  slides  upon  which  a  nutrient  fluid  was  spread  in 
a  thin  layer.  These  plate-cultures  in  fluid  are  not  suited  to 
the  study  of  bacteria.  So  far  as  j^easts  are  concerned,  they 
offer  no  especial  advantage  over  cell-cultures,  but  are  attended 
by  certain  disadvantages.  On  the  other  hand,  they  are  of 
the  g-reatest  importance  for  the  study  of  the  development  of 
hig-her  fungi,  and  for  this  reason  merit  brief  consideration  here. 
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The  solutions  described  on  pag-es  458^  459  are  used,  g"en- 
erally  after  being-  boiled  down  so  that  they  are  not  too  fluid. 
By  means  of  a  g-lass  rod,  an  elong-ated  drop  is  placed  on  a 
sterile  slide,  and  enoug-h  of  the  spores  to  be  studied  are  added 
and  distributed  with  a  platinum  needle  so  that  only  one  or 
two  occur  in  each  field  of  the  microscope.  It  is  evident  that 
such  cultures  cannot  be  used  for  prolong-ed  uninterrupted  ob- 
servation. If  kept  long"  upon  the  stag-e  of  the  microscope, 
the}"  will  be  ruined  by  dr^ang-  out  or  contamination.  Between 
the  different  examinations,  they  must  be  kept  in  larg-er  moist 
chambers,  the  air  of  which  is  always  saturated  with  moisture 
(a  common  flat  porcelain  platter  filled  with  water  and  covered 
by  a  bell-g-lass  dipping-  into  the  water),  and  they  can  scarcely 
be  used  successfully  except  in  laboratories  where  the  air  is 
kept  as  free  as  possible,  by  g-reat  care,  from  g-erms,  and  espe- 
ciall}^  moulds ;  but  Bref eld's  works  show  sufficiently  how  far  it 
is  possible  to  utilize  this  method.  Besides  other  advantages 
over  similar  slide-cultures  on  solid  media,  these  admit  of  trans- 
planting- the  spores  after  g-ermination  has  beg-un,  more  favor- 
able conditions  are  g-iven  the  moulds  for  g-rowth  and  develop- 
ment, and  it  is  possible  to  renew  the  supply  of  food  material 
during  weeks  or  even  months,  a^s  it  becomes  exhausted,  by 
adding  a  fresh  drop  of  culture-fluid  at  the  margin  every  day 
or  two. 


CHAPTEE    X. 

INOCULATION  OF  ANIMALS. 

"We  come  now  to  a  group  of  experiments  to  which,  in  a 
certain  sense,  all  of  the  preceding  chapters  point — experi- 
ments calculated  to  g-ive  the  proof  that  a  large  number  of  the 
most  familiar  contagious  diseases  are  induced  by  bacteria, 
and  to  render  possible  a  more  intimate  study  of  the  mutual 
relations  between  these  bacteria  and  the  animal  organism. 
In  this  connection  it  must  be  said  that  conclusive  proof  that 
a  given  infectious  disease  is  due  to  a  specific  bacterian  form, 
is  g-iven  only  when  such  a  form,  well  characterized  morpho- 
logically, chemically,  or  physiologically,  can  always  be  demon- 
strated in  the  organs  by  the  microscope  and  by  cultures,  in 
this  disease  and  onlj^  in  it;  and  when,  further,  these  bacteria, 
after  being-  cultivated  pure  for  several  g-enerations  outside  the 
animal  org-anism,  wiien  reintroduced  into  an  animal  of  the 
species  they  were  originally  obtained  from,  produce  the  same 
disease  in  this,  and  are  then  demonstrable  in  its  tissues  under 
the  microscope  and  by  pure  cultures. 

Various  kinds  of  animals  have  been  used  for  experiment, 
but  usually  the  smaller  rodents  (rabbits.  Guinea-pigs,  rats, 
and  mice),  or  birds  (fowls  and  pigeons)  are  employed.  It  is 
now  well  known  that  inoculations,  not  of  one  but  of  a  larg-e 
series  of  infectious  diseases,  may  be  effected  upon  one  of  the 
most  accessible,  cheapest,  smallest,  and  most  prolific  of  mam- 
mals— the  white  mouse,  which  is  more  or  less  receptive  for 
splenic  fever,  chicken-cholera,  malignant  oedema,  several  forms 
of  septicaemia,  some  p^^asmic  affections,  g-landers,  tetanus,  etc., 
etc.  While  the  white  mouse  (an  albino  of  the  house  mouse, 
Mus  miisculus)  is  very  slightlj^  receptive  for  glanders,  ac- 
cording to  Loeffler,  the  European  field  mouse  {Arvicola  ar- 
volis)  is  very  susceptible  to  it  (Loeffler),  as  is  also  the  wood 
mouse   {Mus  sylvaticus)  according-  to  Kitt.     On  the  other 
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hand,  the  field  mouse  is  not  receptive  for  mouse  septicaemia, 
to  which  the  white  mouse  shows  a  great  susceptibility  (Koch). 
Both  field  and  wood  mice  are  easily  kept  in  captivity  if  fed 
upon  oats  and  moistened  bread.  The  wood  mouse  is  very 
active,  and  its  bite  quite  painful;  and  it  is  not  advisable  to 
keep  several  individuals  of  either  of  these  mice  in  the  same  jar 
after  inoculation,  because  in  case  one  dies  the  others  devour  it 
at  once.  Where  it  is  only  desired  to  perform  the  most  im- 
portant fundamental  experiments  in  bacterial  infection,  it  is, 
therefore,  usually  sufficient  to  emplo}^  white  mice. 

Keeping  Mice. — After  many  trials,  I  can  hig'hly  recom- 
mend the  use  of  the  cracker-boxes  spoken  of  on  p.  441,  as  cages 
for  mice.  A  large  number  of  holes  about  as  large  as  a  half 
dime  are  made  in  the  cover,  e.g.,  nine  rows,  of  nine  each.  In 
case  the  holes  are  not  large  or  numerous  enough,  evaporation 
■smr  -  from  the  interior  of  the  box  is  checked  too 
much,  and  the  mice  cannot  stand  the  resulting 
humidity.  The  box  is  filled  nearly  half  full  of 
sawdust,  a  little  cotton  is  laid  on  this,  and  the 
cage  is  ready  for  use.  The  mice  are  fed  upon 
white  bread  softened  with  water  and  oats.  The 
sawdust  contributes  largely  to  lessening  offen- 
sive odors,  and,  in  connection  with  the  cotton. 
Fig.  g3.— Mouse-jar.  g-pQii^.j^uHg^  ^Tid  the  excrcmeut  of  the  animals, 
forms  a  warm,  soft,  and  &vy  mass,  in  which  the  mice  tunnel, 
and  thrive  and  breed  well.  Ten  or  fifteen  adult  mice  can 
easily  be  kept  in  such  a  box,  or  a  still  larger  number  of  young 
ones.  Emptying  the  box  and  renewing  the  sawdust  and  cot- 
ton is  only  necessary  once  a  month  or  even  once  in  two  or 
three  months,  depending  upon  the  number  of  animals  kept  in  it. 
For  isolating  infected  mice,  it  is  best  to  use  common  glass 
pickle-jars,  holding  two  quarts  (Fig.  G3).  These  jars  are 
readily  disinfected  after  use,  and  the  animals  can  be  easily 
observed  in  them.  Each  is  filled  for  a  third  of  its  depth  with 
sawdust,  and  covered  at  top  by  a  square  piece  of  close  iron 
gauze,  large  and  flexible  enough  so  that  it  can  easilj^  be  slipped 
over  the  mouth  of  the  jar  and  pinched  into  the  groove  a. 
For  greater  security  a  heavy  object  may  be  laid  upon  the  hd. 
In  this  way  it  is  fastened  securely  enough  so  that  an  animal 
cannot  lift  it  and  escape,  while  it  is  readily  taken  off  and  re- 
placed, and  can  be  disinfected  in  the  flame  without  difficulty. 


Bacteriological    Technology.  543 

When  white  mice  are  coi]stantl3^  used  for  inoculation,  they 
are  usually"  raised  in  the  laborator3^  Starting-  their  propaga- 
tion is  not  always  easy,  since  mice  are  quarrelsome,  and  males 
which  have  not  been  raised  together  often  fight  and  injure 
one  another,  while  they  are  also  apt  to  kill  and  eat  the  young-. 
As  a  g-eneral  thing,  a  few  pairs  are  taken  for  a  beginning-,  and 
kept  apart.  When  a  female  is  near  the  term  of  pregnancy, 
she  is  removed  from  the  male  and  kept  in  one  of  the  mouse- 
jars  just  described,  where  she  remains  Avith  her  young-  ones 
until  their  eyes  are  open,  when  they  are  all  removed  to  one  of 
the  large  cages,  in  which  two  females  and  their  litters  can  be 
safely  kept,  as  a  rule,  provided  the  young  are  of  about  the 
same  age.  The  young-  mice  which  g-row  up  together  in  this 
way  g-enerally  get  along  so  well  that  it  is  unnecessary  to  re- 
move the  pregnant  females  as  long  as  there  is  room  for  their 
burrows  and  young. 

The  mode  of  inoculating  an  animal,  and  the  point  at  which 
this  is  done,  depend  upon  the  object  in  view.  If  it  is  merely 
desired  to  infect  the  animal,  introducing  the  contagium 
through  a  wound  in  the  skin  suffices  in  many  cases.  Not  in- 
frequently, however,  it  is  wished  to  imitate  the  natural  infec- 
tion through  the  uninjured  mucous  membrane  of  the  respira- 
tory or  digestive  system.  In  other  cases  it  may  be  necessary 
to  introduce  the  virus  under  the  dura  mater,  by  trephining. 
In  short,  the  most  different  org-ans  and  parts  of  organs  are 
used  for  the  introduction  of  cultures  of  bacteria,  or  infectious 
material.  Only  the  most  important  of  the  methods  of  inocu- 
lation are  considered  in  the  following-  pages. 

In  most  cases  the  inoculation  of  an  animal  is  practically 
painless,  so  that  it  is  anaesthetized  only  when  some  larger 
operation  is  involved,  as  in  trephining  for  inoculation  with 
rabies.  Mice  and  rats  are  placed  under  a  bell-glass  with  a 
wad  of  cotton  moistened  with  ether,  until,  after  a  short  period 
of  excitement,  they  succumb  to  the  anaesthetic.  After  they 
are  removed  from  the  bell-glass,  and  tied,  insensibility  is  easily 
kept  up,  as  they  are  very  tolerant  of  ether.  It  is  otherwise 
with  Guinea-pigs  and  rabbits,  the  latter,  especially,  dying 
easily  when  anesthetized  with  etlier,  or,  particularly,  chloro- 
form. Practice,  howevei-,  enables  the  operator  to  lessen  the 
number  of  deaths  from  this  cause,  and  in  the  Pasteur  Insti- 
tute only  one  to  two  per  cent  of  the  rabbits  die  from  the  an- 


544  Bacteriological   Technology. 

sesthetic,  which  is  administered  \iy  pouring  a  teaspoonful  of 
chloroform  over  a  piece  of  absorbent  jDaper  folded  as  if  for  a 
filter,  which  is  then  held  like  a  cornucopia  over  the  nose  of  the 
animal.  After  a  few  seconds  the  respiratory  movements  stop, 
and  when  they  are  resumed  shortly  afterward,  insensibility  as 
a  rule  is  complete,  as  soon  as  this  occurs  the  administration 
of  chloroform  is  discontinued. 

Cutaneous  inoculation  is  best  performed  on  mice  by  abrad- 
ing the  ear  with  a  vaccine  point  dipped  in  the  virus,  although 
it  may  be  effected  anywhere  on  the  bodj^  after  removing  the 
hair.  Scarification  of  the  skin  followed  by  rubbing  the  virus 
in,  or  simply  rubbing  the  latter  into  the  uninjured  skin,  may 
also  be  practised. 

Subcutaneous  inoculation  of  mice  is  best  performed  under 
the  skin  of  the  back,  just  above  the  root  of  the  tail.  The 
mouse  being  in  a  glass  jar  (Fig.  63),  its  tail  is  seized  between 
the  thumb  and  forefinger  of  the  left  hand  and  drawn  out  over 
the  rim  of  the  glass,  while  the  body  hangs  into  the  jar,  which 
is  covered  with  a  small  piece  of  board,  held  in  place  by  the 
free  fingers  of  the  left  hand,  so  that  there  is  just  room  for  the 
passage  of  the  root  of  the  tail  between  it  and  the  edge  of  the 
jar.  [When  the  usual  cylindrical  jars  of  the  German  labora- 
tories, with  covers  similar  to  those  of  candy-jars,  but  the  top 
replaced  b^^  coarse  iron  netting  and  weighted,  are  used,  these 
covers  need  only  be  tilted  a  little  at  one  side  to  serve  the  same 
purpose.  If  gray  house-mice  are  used,  they  are  apt  to  be  far 
more  active  than  white  mice,  and  it  is  best  to  quiet  them  by 
holding  a  handkerchief,  moistened  with  a  few  drops  of  ether, 
over  the  cover,  without  carrying  the  etherization  to  the  sur- 
gical point.  In  any  such  operations,  the  long  "  mouse-tongs  " 
of  the  German  dealers  are  a  great  convenience  for  first  seizing 
the  tail  of  an  animal. — W.  T.]  The  hair  just  above  the  tail  is 
clipped  off,  and  by  means  of  a  lancet-needle  or  a  pair  of  scis- 
sors a  small  opening  is  made  in  the  skin  and  a  pocket  torn  in 
the  subcutaneous  connective  tissue,  into  which  the  infectious 
material  is  placed.  Solid  bodies  are  introduced  by  means  of 
the  forceps;  very  small  quantities  of  cultures,  etc.,  by  the 
lancet-needle  or  platinum  needle;  and  slightly  greater  quanti- 
ties of  fluid,  by  means  of  capillary  tubes  or  Pasteur  pipettes. 

When  a  considerable  amount  of  fluid  is  to  be  injected  into 
the  subcutaneous  tissue,  a  sterilized  Pravaz  syring*e  must  be 
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used.  The  common  Pravaz  S3-ring-e  is  not  adapted  to  sterili- 
zation at  high  temperature,  since  the  piston  is  paclved  with 
leather,  and  the  tip  cemented  on.  Generally,  a  syringe  is  used 
the  tip  of  which  screws  on  to  a  thread  on  the  glass  cylinder, 
and  with  an  elder-pith  plunger,  so  that  it  may  be  sterilized  by 
either  moist  or  dr^^  heat  (Straus  and  Collin). 

Material  from  cultures  in  fluid  or  from  vigorous  cultures 
upon  solid  media,  can  easily  be  taken  from  test-tubes  by  the 
pipette  or  platinum  loop.  But  when  the  bacteria  to  be  used 
for  inoculation  grow  in  a  narrow  line  along  the  "needle-thrust 
in  a  test-tube,  and  it  is  desirable  to  have  a  relativeh'  large 
quantity  of  material,  one  should  rather  cut  out  the  entire 
colony  and  use  it  either  with  or  without  melting.  The  j)rocess 
is  a  little  different  according  as  the  culture  is  in  gelatin,  agar, 
or  serum. 

A  gelatin  culture  is  dipped  in  warm  water  or  warmed  over 
the  flame  until  the  outer  part  melts  and  the  gelatin  cylinder 
becomes  free  from  the  test-tube,  so  that  it  can  be  shaken  down 
against  the  cotton  plug,  when  the  latter  is  carefull}"  removed 
and  the  gelatin  allowed  to  fall  into  a  sterilized  watch-glass, 
where,  with  a  sterile  and  slightly  warmed  knife,  all  of  the 
peripheral  part  containing  no  bacteria  is  cut  off  and  removed, 
leaving  onlj^  a  small  prismatic  piece  of  gelatin  containing  the 
colonies. 

Agar-agar,  which  neither  adheres  to  the  glass  so  firmly  as 
gelatin,  nor  melts  at  so  low  a  temperature,  is  removed  in  a 
somewhat  different  manner.  The  test-tube  is  warmed  some- 
what, a  Pasteur  pipette  is  passed  to  the  bottom  of  the  tube, 
between  it  and  the  agar,  and  by  a  strong  puff  through  the 
pipette,  the  entire  culture  can  usually  be  blown  out  of  the 
glass.  If  this  does  not  succeed,  a  warmed  glass  rod,  such  as 
the  handle  of  a  platinum  needle,  is  passed  down  to  the  bottom 
through  the  agar  at  one  side,  so  as  not  to  come  in  contact 
with  the  colonies  of  bacteria.  As  soon  as  it  has  cooled,  it  can 
be  used  to  draw  the  agar  out  by  a  series  of  pushes  and  j^ulls. 
The  agar  being  removed  into  a  sterilized  watch-glass,  it  is 
treated  just  like  gelatin. 

Serum  is  far  harder  to  manipulate,  because  it  adheres  to 
the  glass  and  cannot  be  removed  by  melting,  so  that  it  is  nec- 
essary to  cut  the  colonies  out  of  the  test-tube  as  well  as  possi- 
ble with  a  long-handled  pointed  knife. 
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Intravenous  injection  cannot  be  resorted  to  with  mice, 
because  of  their  small  size.  In  the  case  of  larger  animals,  it 
can  generally  be  effected  without  exposing  the  vein  by  simply 
thrusting  the  needle  of  the  syringe  through  the  skin  into  the 
cavit}^  of  the  vessel. 

With  rabbits,  it  is  particularly  easy  to  inject  material  into 
the  veins  of  the  ear  and  leg.  For  the  former,  the  rabbit  is 
wrapped  tightly  and  carefully  in  a  long  towel,  so  that  only  the 
head  projects.  The  ear  is  washed  with  2-per-cent  carbolic 
acid,  partly  to  disinfect  it,  and  partly  because  the  vessels  are 
more  easily  seen  when  the  hair  is  wet.  An  assistant  holds  the 
animal's  head  and  compresses  the  base  of  the  ear,  so  that  the 


Fig.  64.— Injection  of  Culture  into  the  Vein  of  a  Rabbit's  Ear. 


veins  swell,  the  ear  is  seized  between  the  thumb  and  forefinger 
of  the  left  hand  so  that  it  is  slightly  tense  over  the  side  of  the 
forefinger,  and  the  canula  is  carefully  thrust  through  the  skin 
into  the  vein  (Fig.  64).  The  assistant  now  releases  the  end  of 
the  vein,  the  operator  holds  the  canula  still  in  the  vein  with 
his  forefinger  and  thumb,  and  injects  the  fluid  slowly.  Bleed- 
ing is  easily  stopped  by  bHef  compression,  or  by  amadou.  In 
case  the  vein  has  not  been  pierced,  the  fluid  soon  begins  to 
distend  the  surrounding  connective  tissue,  when  it  is  almost 
always  useless  to  withdraw  the  canula  a  little  way  and  make 
another  effort  to  force  it  into  the  vein,  but  another  vein  is 
usually  at  once  chosen  for  injection.  Commonly  the  branch 
of  the  vein  running  along  the  posterior  edge  of  the  ear  is 
selected,  but  there  are  many  other  available  points  on  the  ear. 
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When  the  ear  is  used  for  mjection,  there  is  the  further  advan- 
ta<^-e  that  one  may  be  sure  of  really  intravenous  inoculation 
without  attendant  accidental  inoculation  of  the  wound,  by 
simply  removing-  the  portion  through  which  the  injection  was 
made,  by  a  quick  clip. 

By  connecting-  the  needle-shaped  canula  with  a  larger 
syring-e  by  a  rubber  tube,  large  quantities  of  fluid  may  be  in- 
troduced into  the  veins  of  the  animal,  in  the  same  simple  and 
painless  manner.  As  the  injection  must  be  effected  very 
slowly,  and  in  this  case  requires  a  long-er  time,  it  is  best  to 
fasten  the  animal  upon  a  "rabbit-board"  (the  French  model, 
used  in  Marey's  laboratory,  is  far  preferable  to  Czermak's)  so 
that  a  sudden  movement  of  its  head  shall  not  displace  the 
canula. 

For  injection  into  the  leg  veins,  the  rabbit  is  firmly  and 
carefully  wrapped  in  a  long-  towel  so  that  only  one  hind  leg  is 
left  free,  the  animal  being  allowed  to  draw  the  other  up  under 
its  body.  An  assistant  sits  with  the  rabbit  upon  his  lap,  one 
hand  extending-  the  free  leg-  firmly,  while  with  the  other  he 
g-rasps  and  compresses  the  thig-h  a  little  above  the  knee-joint, 
so  as  to  cause  the  veins  to  swell,  his  fore-arm  resting-  upon 
the  body  of  the  animal.  One  of  the  subcutaneous  veins  in  the 
lower  joint  of  the  leg-  is  found,  the  hair  over  it  is  clipi:»ed  off", 
the  skin  washed  with  2-per-cent  carbolic  acid,  and  while  the 
leg-  is  further  steadied  by  the  left  hand,  the  canula  is  pushed 
through  the  skin  into  the  vein,  where  it  is  held  by  the  pressure 
of  the  left  thumb. 

Intraperitoneal  inoculation  is  most  convenient^  effected 
with  a  sterilized  Pravaz  syring-e.  The  entire  thickness  of  the 
abdominal  wall  is  pinched  up  in  a  longitudinal  fold,  through 
which  the  canula  is  forced  crosswise  so  as  to  emerge  on  the 
other  side.  On  releasing-  the  fold,  the  canula  is  carefully'  with- 
drawn enough,  so  that  its  point  lies  within  the  body  cavity, 
while  there  is  no  dang-er  of  injuring-  the  intestines. 

In  case  large  quantities  of  fluid  are  to  be  injected  into  the 
peritoneal  cavity,  a  g-raduated  glass  pipette  may  be  used,  one 
end  of  which  is  plugged  with  cotton,  while  the  other  is  con- 
nected by  rubber  tubing-  with  a  canula  similar  to  that  of  the 
Pravaz  syringe.  The  canula  is  inserted  in  the  manner  indi- 
cated, and  the  fluid  blown  in.  The  same  kind  of  inoculation 
can  also  be  efl'ected  with  a  Pasteur  pipette,  the  perforation 
11—36 
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being  made  with  a  lancet-needle,  beside  which,  as  a  guide,  the 
pipette  is  passed  into  the  abdominal  cavity.  Mice  and  rats 
are  best  etherized  before  inoculation. 

Inoculation  in  the  peritoneal  cavity  is  especially  important 
in  admitting  of  the  introduction  of  very  considerable  quanti- 
ties of  either  fluid  or  solid  substances  into  the  animal.  In  the 
latter  case,  the  body  cavity  must  be  opened  for  a  greater  dis- 
tance along  the  linea  alba.  By  such  laparotomy,  carefully 
performed,  an  entire  organ  from  a  larger  diseased  animal 
may  easilj^  be  inserted  into  a  smaller  one,  e.g.,  the  heart  and 
kidneys  of  a  rabbit,  into  a  rat. 

Inoculation  into  the  anterior  chamber  of  the  eye  acquired 
especial  importance  in  the  stud}^  of  tuberculosis,  since  by  in- 
serting small  masses  of  tuberculous  material  into  the  eye  Con 
heim  and  Salomonsen  succeeded  in  inducing  tubercle  of  the 
iris,  by  which  it  .became  possible  to  directlj^  observe  the  in- 
cubation period  of  miliary  tuberculosis,  and  its  independence 
of  a  preceding  suppurative  process.  It  has  also  recently  been 
used  for  rabies  inoculations. 

The  operation  is  performed  by  fastening  the  rabbit,  on  its 
belly,  usually  on  an  operating  board,  where  its  head  can  be 
perfectly  fixed.  An  assistant  opens  the  eyelids,  most  conveni- 
ently by  sitting  so  as  to  face  the  operator,  grasping  the  ani- 
mal's head  with  both  hands.  Occasionally  the  nictitating 
membrane  is  so  large  that  it  must  be  held  back.  With  a  pair 
of  forceps,  a  fold  of  the  conjunctiva  is  seized,  and  with  a  suit- 
able knife  a  cut  2  to  3  mm.  long  is  made  in  the  cornea,  near 
its  margin,  with  the  usual  precautions  observed  in  ophthal- 
mological  operations.  If  the  material  to  be  introduced  is  a 
solid  substance,  it  is  passed  through  the  opening  by  means  of 
slender  curved  forceps,  usually  with  very  fine  smooth  points 
opening  parallel,  and  by  carefully  stroking  the  cornea  with  a 
Daviel's  spoon,  the  effort  is  made  to  crowd  the  introduced 
material  into  the  bottom  of  the  anterior  chamber.  If  this  is 
not  easily  effected,  it  is  allowed  to  remain  wiiere  it  lies.  Fluids 
are  injected  through  a  (usually)  blunt  and  bent  canula,  in- 
serted into  the  cut.  To  anaesthetize  the  eye  for  the  operation, 
a  2-per-cent  cocaine  solution  is  dropped  into  it,  the  maximum 
action  being  reached  after  fifteen  minutes  (Howe). 

Another  place,  easily  accessible  for  observation,  which  has 
often  been  used  for  inoculations,  is  the  cornea,  in  which  the 
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conditions  are  very  favorable  for  observing-  the  effect  of  bac- 
teria upon  the  connective-tissue  cells.  By  means  of  a  blunt 
needle,  a  large  number  of  pricks  or  scratches  are  made  in  the 
corneal  tissue,  without  perforating-  it,  and  the  bacteria  are 
g-ently  rubbed  into  the  wounds;  or  the  needle  may  first  be 
dipped  into  the  virulent  material, — but  the  first  method  seems 
to  g-ive  surer  results. 

Inoculation  beneath  the  arachnoid,  as  first  used  in  hydro- 
phobia infections  in  Pasteur's  laboratory  (Pasteur  and  Roux), 
is  eflfected  on  rabbits  and  guinea-pigs  in  the  following  manner: 
A  cut  is  made  throug-h  skin  and  aponeurosis,  on  the  crest  be- 
tween the  eyes  and  ears,  and  the  edges  of  the  wound  are  held 
apart  by  a  small  tenaculum.  The  trephine  (about  5  to  6  mm. 
in  diameter)  is  applied  behind  the  orbit,  on  one  side  of  the 
middle  line.  When  the  circular  g-roove  in  the  bone  is  deep 
enough,  the  centre  pin  is  withdrawn  so  that  it  shall  not 
injure  the  dura  mater.  As  a  general  thing,  the  fact  that  the 
bone  is  cut  through,  is  observed  in  time,  but  for  greater  cer- 
taintj'  it  may  be  seen  from  time  to  time  whether  the  disk  of 
bone  cannot  be  lifted  out.  When  the  dura  mater  is  exposed, 
it  is  pierced  with  a  needle-shaped  Pravaz  canula,  bent  nearly 
at  right  angles,  which  is  drawn  slightly  toward  the  operator 
to  avoid  injur}'  to  the  underlying  brain,  and  two  or  three 
drops  of  the  diseased  spinal  cord  infusion  are  injected.  The 
wound  is  cleansed  Avith  2-per-cent  carbolic  acid  and  closed  b^' 
a  couple  of  sutures.  In  the  case  of  dog's,  the  skin  is  pushed 
aside  after  the  cut  is  made,  the  temporal  muscle  is  loosened, 
and  the  skull  is  trepanned  in  the  fossa  temporalis,  where  the 
skull  is  thinner,  and  there  is  little  bleeding. 

As  compared  with  all  other  methods  employed  in  the 
study  of  rabies,  inoculation  under  the  dura  mater  has  the 
advantage  of  giving  absolutely  certain  infection,  as  well  as 
the  shortest  and  constant  incubation.  But  according  to  the 
latest  investigations  of  Roux  and  others,  the  far  simpler  inoc- 
ulation in  the  anterior  chamber  of  the  eve  gives  as  certain 
infection  as  the  subdural. 

Pure  virus  is  always  found  in  the  medulla,  etc.,  of  animals 
dead  of  hydrophobia,  which  is  best  suspended  in  sterile  bouil- 
lon or  0.7  per  cent  salt  solution,  and  injected  with  a  Pravaz 
syringe.  The  removal  and  preparation  of  the  material  must 
naturally  be  effected  with  the  g-reatest  possible  cleanliness,  to 
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avoid  accidental  infection.  In  the  Pasteur  Institute  the 
material  for  inoculation  is  prepared  by  snipping  out  a  small 
piece  of  brain  substance  from  the  bottom  of  the  fourth  ventri- 
cle and  placing"  it  in  a  wine  glass  holding  about  150  cm.,  which, 
has  been  covered  with  paper  and  sterilized  at  150°  C.  Here  it 
is  rubbed  to  a  soft  paste  by  means  of  a  g-lass  rod,  and  a  small 
quantity  of  sterile  bouillon  is  gradually  added,  while  it  is  con- 
stantly stirred.  The  glass  is  then  covered  with  paper  and  set 
aside  until  the  coarser  particles  have  fallen  to  the  bottom,  the 
upper,  slightly  turbid,  layer  of  fluid  being  used  for  injection. 

The  medulla  oblongata  retains  its  virulence  unchanged  for 
at  least  a  month  when  kept  in  pure  neutral  glycerin — a  fact 
which  should  be  remembered  whenever  the  occasion  arises  for 
sending  parts  of  the  central  nervous  system  of  man  or  one  of 
the  lower  animals  to  a  distant  laboratory'  for  diagnosis. 

Rabies  vaccines  are  prepared  as  follows  (Pasteur  and 
Roux) :  A  rabbit  weighing  two  kilos  and  measuring-  about  45  to 
50  cm.  from  the  nose  to  the  root  of  the  tail,  is  inoculated  by 
trepanning  with  ''  virus  fixe."  Six  or  seven  daj'S  later  it  shows 
symptoms  of  rabies,  and  dies  on  the  tenth  day.  Before  putre- 
faction sets  in,  the  central  nerve  system  is  removed  as  follows : 
The  skin  is  split  down  the  back  from  nose  to  tail,  dissected  to 
one  side,  the  dorsal  and  cervical  muscles  are  loosened  from 
the  spinal  column  and  cranium,  and  the  spinous  processes  are 
removed  by  bent  shears.  The  nose  is  then  seized  with  a  pair 
of  strong  bone  nippers,  and  so  held  fast  with  the  left  hand, 
while  the  theca  cranii  is  snipped  and  broken  off  by  means  of  a 
pair  of  Liston's  bone  scissors.  Then  the  vertebral  arches  are 
removed  one  by  one,  by  snipping  them  through  on  the  right 
and  left  side,  as  near  the  body  as  possible,  without  injuring 
the  spinal  cord,  and  breaking  them  off.  This  is  more  easily 
described  than  done,  for  the  spinal  cord  is  easily  crushed,  es- 
pecially in  the  cervical  region;  but  with  practice  one  gradu- 
ally learns  to  expose  it  for  its  entire  length  without  injuring 
it  with  the  coarse  instrument  used.  Then  the  cord  is  cut  off 
over  the  cauda  equina,  its  membrane  is  seized  with  forceps 
just  above  the  cut  and  it  is  raised  for  a  distance  of  6  to  7  cm., 
and  all  adhesions  are  cut.  The  loosened  piece  is  cut  off,  a 
sterile  silk  thread  tied  about  one  end,  and  hung  up  (Fig.  G5) 
in  a  litre  flask  with  two  openings  previously  plugged  with 
cotton  and  sterilized  at  150°  C.     Enough  caustic  soda  to  cover 
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the  bottom  is  dropped  into  the  flask,  the  spinal  cord  is  hung- 
from  its  neck,  and  the  whole  set  aside  at  20  to  25°  C.  The 
vaccines  are  prepared  in  the  manner  described  above,  from 
such  pieces  of  spinal  marrow,  hung*  up  and 
dried  for  a  longer  or  shorter  time. 

Infection  throug-h  the  digestive  tract  is 
effected  by  carefully  mingling-  the  contagium 
with  some  food  that  the  animal  is  fond  of, 
which  is  g-iven  it  in  not  too  large  quantity, 
the  animal  being-  previoush^  kept  without  food 
for  a  day  or  less,  if  necessary*.  In  case  of 
mice  and  other  small  animals,  this  is  the  only 
available  method.  In  the  case  of  larger  mam- 
mals (rabbits  and  Guinea  pig's),  simple  feed- 
ing is  also  used  when  large  quantities  of 
solid  material  are  to  be  introduced  into  the  Fig.  es.-Drj-inpr-jar  for 
stomach,  and  it  is  the  best  means  of  inducing-  Hydrophobia  vaccine. 
infection  through  the  alimentary  canal,  because  it  is  in  this 
way  that  natural  infection  by  means  of  food  occurs  as  a  rule. 
Still  it  cannot  always  be  employed,  and  other  means  must 
then  be  resorted  to.  Fluids  {e.g.,  cultures  of  bacteria)  can 
likewise  be  poured  or  injected  through  the  oesophagus,  the 
rabbit  being-  wrapped  in  a  towel  with  the  exception  of  its  head, 
and  held  on  the  lap  of  an  assistant.  The  animal  is  made  to 
open  its  mouth  by  slight  pressure  upon  its  cheeks  over  the 
molar  teeth,  and  a  small  wooden  gag-  (Fig.  %'o)  is  inserted  so 
that  its  incisors  rest  in  the  grooves  on  the  upper  and  lower 
surfaces  (h).  Through  the  perforation  in  the  g-ag,  a  No.  IT 
catheter  can  easily  be  introduced  into  the  rabbit's  ventricle. 

Adhering  bits  of  food  show  that 
it  has  been  inserted  rig-ht.  In  case 
of  the  Guinea  pig,  a  smaller  cathe- 
ter (usually  a  bulb  catheter)  must 
be  employed,  and  it  requires  to  be 
passed  down  with  especial  caution. 
Solids  are  quickly  introduced 
into  the  crop  of  doves  or  foAvls  by 
opening-  the  beak,  and  placing  the  food  in  the  mouth,  as  far  back 
on  the  tongue  as  possible,  when  the  bird  quickly  swallows  it. 
Small  meal  pellets  are  formed  with  cultures  and  other  fluids 
containing  bacteria,  and  these  are  introduced  in  the  same  way. 
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Fif?.  66. — Wooden  Gag  for  Passing  a 
Catheter  into  the  Stomach,  in  Feeding 
Experiments.    6,  Section  of  same. 
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The  introduction  of  infectious  fluids  into  the  stomach  and 
intestine  tliroug-li  tlie  abdominal  wall,  by  means  of  a  Pravaz 
syringe,  is  more  certain  and  reliable.  If  the  contag'ium  is  to 
be  introduced  directly  into  the  intestine,  the  abdomen  must  be 
antiseptically  opened,  a  fold  of  the  intestine  found  and  care- 
fully fixed,  and  the  canula  thrust  through  its  wall.  In  this 
way  cultures  of  the  cholera  spirillum  are  injected  into  the 
duodenum  (Nicati  and  Rietsch),  so  that  they  do  not  pass 
throug'h  the  stomach,  and  the  action  of  the  gustric  juice  upon 
the  microbes  is  avoided. 

Pathogenic  bacteria  can  be  brought  in  contact  with  the 
intact  surface  of  the  lungs  by  injection  through  an  opening- 
made  in  the  trachea.  For  the  sake  of  entire  certainty  that 
the  virus  is  not  at  the  same  time  introduced  through  the  open 
wound,  this  may  first  be  allowed  to  heal,  leaving  a  small 
tracheal  fistula.  In  the  case  of  large  animals,  Arloing,  Cor- 
nevin,  and  Thomas  have  reached  the  same  end  by  passing  a 
drainag'e  tube  through  a  metal  canula,  and  injecting  the  de- 
sired material  through  the  former,  in  small  quantities,  so  as  to 
avoid  spasms  of  coughing". 

If  the  natural  means  of  infection  throug-h  the  mucous  mem- 
brane of  the  respiratory  org-ans  are  to  be  imitated  as  closely 
as  possible,  the  bacteria  must  be  very  finely  and  uniformly 
suspended  in  the  air  inhaled  by  the  animal,  so  as  not  to  cause 
mechanical  irritation.  This  is  best  effected  by  use  of  a  spray  or 
dry  powder.  The  former  method  is  open  to  the  objection  that 
the  spray  contains  not  only  extremely  fine  drops,  but  likewise 
some  which  are  a  little  larg"er,  so  that  the  mucous  membrane 
of  the  nose,  or  the  entire  animal,  becomes  quite  damp.  To 
avoid  this,  Buckner  joins  the  atomizer  to  a  two-necked  Woulf 
flask  holding  about  three  litres,  where  the  coarser  drops  are 
allowed  to  settle,  while  the  finer,  as  a  nearly  imperceptible 
mist,  are  passed  out  of  one  neck  of  the  fiask  through  a  tube 
to  the  inclosed  chamber  where  the  animals  are. 

For  the  second  method,  a  fluid-culture  of  the  bacteria  is 
poured  over  a  rather  large  quantity''  of  spores  of  Ijycoperdon 
giganteum,  Avhich  are  then  dried  off  over  calcium  chloride, 
and  the  powder  is  blown  into  the  closed  animal  cag-e  by  the 
bellows  (Buckner).  In  his  experiments  on  the  entrance  of 
spores  of  B.  antliracis  through  the  lungs,  Buckner  used  0.25 
gm.  of  powder  for  a  space  of  three  litres,  and  allowed  the  in- 
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halation  to  continue  ten  to  fifteen  minutes.  Other  powders 
(carbon,  talc,  etc.)  can  also  be  used  as  a  vehicle  for  cultures  of 
"bacteria,  but  the  puff-ball  spores  are  superior  to  all  of  these 
in  being-  very  small,  uniform,  and  of  low  specific  gravity.  In 
case  the  bacteria  are  killed  or  deprived  of  their  virulence  by 
drying-,  this  method,  of  course,  cannot  be  employed. 

In  such  experiments,  the  animals  must  be  untrammeled  so 
that  their  respiratory^  movements  are  not  checked  or  altered, 
and  it  is  best,  therefore,  to  let  them  remain  unfastened.  A 
number  of  mice  can  be  placed  tog-ether  loose  in  a  tight  tin 
box  with  a  few  breathing  holes  plugged  with  cotton.  If  it  is 
necessary  to  fasten  the  animals  so  as  to  keep  their  heads  in  a 
g-iven  direction,  wire  gauze  can  be  used,  as  it  may  be  bent  and 
shaped  at  will.  A  single  mouse  can  conveniently  be  placed  in 
a  glass  tube  3  to  4  cm.  in  diameter,  with  a  bored  and  split 
cork  in  one  end,  which  serves  to  hold  its  tail. 

When  inhalation  experiments  are  performed  with  bacteria 
that  are  pathog-enic  for  man,  the  operator  should  remember 
to  take  sufficient  precautions,  such  as  having-  tight  vessels 
and  tubes,  cotton-plugged  air-spaces  about  the  cages  of  the 
animals,  and  long  tubes  for  the  atomizer,  and  the  work  should 
be  done  in  the  open  air. 


CHAPTEE  XI. 

CULTURES  FROM  MAN  AND   ANIMALS.     COLLECTING  AND 
PREPARING  PRIMARILY  STERILE  CULTURE-MEDIA. 

In  attempting  to  obtain  cultures  of  the  pathogenic  micro- 
organism from  the  blood  or  organs  of  an  animal  which  has 
died  from  an  infectious  disease,  the  rules  given  in  Chapters  I. 
to  III.,  and  v.,  are  to  be  observed,  as  well  as  the  following: 

Since  the  more  or  less  dirty  hair  or  feathers  of  the  animal 
contain  a  possible  source  of  contamination,  it  is  best  to  skin 
or  pluck  the  body  before  opening  it.  All  of  the  parts  covered 
by  hair  may  also  be  washed  with  sublimate  solution,  or  cov- 
ered with  filter-paper  wet  with  sublimate. 

All  instruments  used  for  preparing  the  body  must  be  care- 
fully sterilized.  Since  repeatedl^^  heating  them  to  a  high  de- 
gree in  the  flame  works  destructively  upon  knives,  scissors, 
and  forceps,  it  is  best  to  have  two  sets  of  these  instruments; 
one  intended  for  the  coarser  part  of  the  work,  sterilized  by 
flaming,  and  commonly  used  so  hot  as  to  cause  the  flesh  to 
hiss  while  the  cut  is  being  made;  the  other  for  finer  opera- 
tions, first  sterilized  at  150°  C,  in  a  metal  case  or  wrapped  in 
paper,  and  merely  hastily  flamed  just  before  use. 

In  addition  to  the  gas  or  spirit  flame,  a  dish  of  0.1  per  cent 
sublimate  solution,  and  of  5-per-cent  carbolic  acid,  must  be 
kept  ready  for  the  disinfection  of  hands  and  instruments.  To 
avoid  contamination  from  contact,  the  sterilized  instruments 
are  laid  upon  glass  supports  (Fig.  18)  and  covered  with  a  bell- 
glass,  or  dropped  into  a  short  cylindrical  vessel  with  their 
points  projecting  out  at  top. 

While  exposing  the  organs  from  which  material  is  to  be 
taken  for  cultures,  use  is  made  of  strongly  heated  instruments, 
which,  as  far  as  possible,  are  kept  from  touching  the  organs. 
No  definite  rules  can  be  given,  further  than  this : 

If  a  culture  is  to  be  started  from  fluid  contained  in  a  cavity. 
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it  is  best  to  sing'e  the  surface  over,  before  piercing  tlie  wall. 
For  example,  if  a  collection  of  fluid  in  the  pleural  cavity  is  to 
be  used,  after  exposing-  the  ribs  and  intercostal  muscles  in  the 
usual  "vvaN',  a  part  of  one  of  the  intercostal  spaces  is  scorched 
\)y  means  of  a  g-lass  rod  heated  in  the  flame,  and  then,  with  a 
glowed  needle  or  strong-ly  heated  small  knife,  the  pleural  cav- 
ity is  opened,  and  the  small  gaping-  wound  made  for  inserting- 
the  inoculation-needle,  capillary  tube,  or  pipette,  according-  to 
the  quantity  of  fluid  needed.  In  the  same  manner,  blood  is 
obtained  from  one  of  the  anterior  chambers  of  the  heart.  After 
cauterizing-  the  surface,  as  a  rule  the  capillary  tube  or  pipette 
may  be  thrust  through  the  thin  wall,  without  the  previous 
use  of  a  knife,  wiiich  only  becomes  necessary  when  a  thin  and 
flexible  platinum  needle  is  to  be  inserted. 

To  obtain  material  from  the  substance  of  a  solid  organ, 
one  of  the  thicker  and  more  rigid  needles  is  used.  The  organ 
may  be  snipped  in  two  Avith  scissors  carefully  flamed  or  even 
glowed,  and  the  needle  thrust  into  its  substance  from  the  un- 
contaminated  cut  surface,  or  it  may  be  torn  open  with  sterile 
fingers  or  forceps,  and  in  this  way  a  surface  exposed  which 
has  not  been  touched  at  all  by  the  instruments.  [Loeffler 
advises  that  when  parts  of  cut  organs  are  to  be  broken  in  this 
way,  the  surface  be  first  disinfected  by  dropping  the  whole 
piece  into  0.1  per  cent  sublimate,  and  moving-  it  about  in  this 
for  a  minute  or  two].  B}'  using  flamed,  but  not  too  strongly 
heated,  curved  scissors,  small  pieces  of  the  organ  may  be 
snipped  out  and  placed  on  or  in  the  culture  medium,  at  least 
after  being  crushed  between  two  sterilized  glass  slides.  This 
method  is  recommended  by  Koch  in  sowing  from  tubercle. 

Since  the  white  mouse  is  the  animal  presumably  used  in 
the  elementary  inoculation  experiments,  the  following  descrip- 
tion is  given  of  the  best  means  of  obtaining  cultures  from  its 
heart  blood.  As  soon  as  the  external  examination  is  com- 
plete— especially'  about  the  inoculation  wound — the  body  is 
extended  upon  its  back  by  a  shawl  pin  through  each  leg,  on  a 
small  board,  which  it  is  well  to  first  cover  with  a  sheet  of  par- 
affined paper  over  which  a  couple  of  sheets  of  filter-paper  are 
laid  to  absorb  blood,  etc.  The  head  is  finally-  fixed  by  means 
of  a  fifth  pin  through  the  nose.  The  skin  is  dissected  away 
from  the  ventral  surface  as  far  as  possible,  and  entirely  cut 
off,  the  occasion  being*  taken  to  examine  the  axillary  and  in- 
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guinal  lymphatics,  and,  if  necessar3^,  to  obtain  blood  from  the 
axillary  vessels  for  microscopic  investig-ation.  Seizing-  the 
prominent  ensifoi'm  process  with  a  pair  of  sterilized  forceps, 
it  is  lifted  strongl}^  and  by  means  of  flamed  sharp-pointed 
scissors,  one  end  of  which  is  inserted  under  the  ribs,  a  suffi- 
cient part  of  the  thoracic  wall  is  removed  to  expose  the  peri- 
cardium. In  this  way  the  intestines  are  not  approached,  and 
the  instruments  are  not  exposed  to  infection  from  this  dan- 
g-erous  source.  Care  is  taken  to  avoid  touching-  the  anterior 
surface  of  the  heart  with  the  scissors.  With  two  pairs  of 
small  flamed  forceps  the  pericardium  is  now  torn  open,  and  a 
small  cut  is  made  into  the  exposed  heart.  Usually  sufficient 
blood  to  wet  the  platinum  needle  at  once  bubbles  out  of  the 
wound;  otherwise  the  needle  is  pushed  throug-h  the  opening-, 
and  the  culture  started  from  the  fluid  obtained.  The  dissec- 
tion is' now  completed  in  the  usual  way,  but  with  especial  care 
and  cleanliness  so  as  to  avoid  rendering-  it  difficult  or  impossi- 
ble to  make  cultures  from  other  org-ans  in  which  morbid 
changes  xn?iy  subsequently  be  discovered.  When  the  dissec- 
tion is  finished,  and  the  necessary  preparations  have  been 
saved,  the  cadaver  is  wrapped  in  the  filter-paper  it  lies  on,  and 
burned  up. 

The  manner  of  making-  the  dissection  naturally  varies  with 
the  org-an  chosen  fpr  starting-  a  culture,  the  rule  being-  to  pro- 
ceed directly  to  the  org-an  from  which  the  chief  culture  is  to 
be  made.  If,  for  instance,  it  is  especially  important  to  ob- 
tain a  culture  from  the  pulp  of  the  spleen,  the  mouse  is  laid  on 
its  side  wath  the  spleen  up,  so  that  it  can  be  exposed  without 
disturbing-  the  other  org-ans  too  much. 

The  directions  and  examples  g-iven  here  may  serve  as  a 
sufficient  introduction  to  the  methods  of  obtaining-  cultures 
from  the  dead  body,  as  well  as  to  the  collection  and  similar 
use  of  fluids  and  tissues  from  the  living-  body,  where,  however, 
consideration  for  the  patient  may  necessitate  many  modifica- 
tions :  e.g.,  scarification  with  the  heated  g-lass  rod  must  be  re- 
placed by  a  thoroug-h  cleansing-  with  disinfectants,  the  Pasteur 
pipette  must  g-ive  place  to  the  sterilized  Pravaz  syringe,  etc. 

Few  appliances  are  needled  for  starting  such  cultures  with 
all  requisite  precautions,  even  at  the  sick-bed  or  operating 
table,  or  for  collecting-  the  morbid  products  in  a  state  of  com- 
plete purity,  for  further  elaboration  in  the  laboratory.     Even 
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when  much  is  aimed  at,  practicall}'  all  that  is  needed  is  the 
usual  disinfectants  (carbolic  acid  and  corrosive  sublimate) ;  a 
little  sterile  absorbent  cotton  and  filter-paper;  scissors,  knife, 
and  forceps,  wrapped  in  paper  and  sterilized  at  140°  C. ;  steril- 
ized Pravaz  (or  Straus)  syring'e;  alcohol  lamp;  platinum  wire; 
capillary  tubes;  Pasteur  pipettes  and  others  with  a  capillary 
constriction  (Fig-.  53,  a) ;  small  test-tubes  containing  various 
culture  media,  some  of  them  for  the  culture  of  anaerobic 
forms,  e.cj.,  Avith  a  considerable  depth  of  nutrient  g-elatin; 
labels;  and  cover-glasses.  Some  of  these  can  be  prepared  on 
short  notice  in  the  sick-room,  some  are  only  needed  for  excep- 
tional use,  while  the  rest  should  alwa^^s  be  kept  in  the  hospital 
wards  to  prevent  the  waste  of  much  valuable  material. 

The  collection  of  primarily  sterile  culture-media,  which 
should  really  have  been  con- 
sidered in  the  third  chapter, 
is  treated  here,  because  the 
precautions  to  be  observed 
are  exactly  the  same  as  in 
obtaining  cultures  from  the 
dead  bodj^  the  collecting  ap- 
paratus onh'  being  different. 
Usually  it  is  desired  to  col- 
lect the  sterile  fluids  (blood, 
urine,  milk,  etc.)  either  in 
rather  large  vessels  from  which  they  can  be  transferred  to  a 
number  of  smaller  culture-glasses,  or  they  are  at  once  drawn 
into  the  latter. 

In  the  first  case,  the  so-called  Pasteur  wash-bottle  (Fig.  67) 
is  best  used.  As  the  Figure  shows,  this  is  really  only  a  very 
large  Pasteur  pipette,  with  a  reservoir  of  pecuhar  form. 
When  the  capillary  point  h  has  been  sealed  by  fusion,  and  a 
cotton  plug  inserted  at  a,  it  is  sterilized  at  150°  C.  Just  be- 
fore use,  the  tip  h  is  broken  off,  and  the  entire  capillary  part 
is  flamed.  Observing  the  precautions  indicated  above,  the 
point  is  inserted,  and  the  receiver  sucked  full,  after  which  the 
point  h  is  again  fused.  As  soon  as  possible  afterward,  the 
sterile  fluid  is  transferred  to  smaller  culture-vessels,  by  blow- 
ing through  a,  after  once  more  breaking  the  point  off  and  in- 
verting the  reservoir.  The  test-tubes  or  Chamberland  flasks 
w^hich  have  been  filled  in  this  way  are  kept  on  probation  at 


Fig.  67.— a  Pasteur  Wash-bottle. 
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30°  to  40°  C,  for  several  daj'S  before  being  used.  In  this  way 
it  is  possible,  for  instance,  to  collect  large  quantities  of  sterile 
urine  from  the  newly  slaughtered  animals  at  any  slaughter- 
house, by  passing-  the  capillary  tip  of  the  flask  through  the 
wall  of  the  bladder,  after  the  abdominal  cavity  is  opened. 

Occasionally  it  may  be  convenient  to  collect  the  fluid  at 
once  in  smaller  culture  vessels.  For  example,  if  sterile  blood 
is  to  be  taken  from  the  heart  of  a  newl^'-  killed  animal,  it  would 
coagulate  in  the  larger  vessel  before  it  could  be  transferred 
to  the  smaller  ones.  In  such  cases,  Pasteur  pipettes  may  be 
used,  not  closed  with  simple  cotton  plugs,  as  is  usual,  but  with 
rubber  tubes  plugged  with  cotton  (Fig.  68),  which  can  be  re- 
moved and  again  replaced  Avith  far  less  danger  of  contamina- 
tion when  the  contents  of  the  tube  are  to  be  inoculated.  The 
tip  of  the  pipette  is  opened,  flamed,  and  inserted  into  the  heart 
of  a  newly  killed  healthy  animal,  the  tube  sucked  full  of  blood, 
once  more  hermetically  sealed  below,  and  set  aside  some  time 


Fig.  68.— Pasteur  Pipette  with  Rubber  Cap  Plugged  with  Cotton. 

for  observation,  after  which,  if  free  from  germs,  it  may  be 
used  directly  as  a  culture  vessel.  In  the  same  manner,  fresh 
white  of  QQ^,  containing  no  germs,  can  be  collected  from  hens' 
eggs  (c/.  p.  472). 

The  collection  of  sterile  fluids  from  living  men  or  other 
animals  is  not  always  as  easj'  or  certain  as  in  these  cases, 
though  it  is  by  no  means  impossible. 

For  the  means  of  obtaining  sterile  blood  by  phlebotomj^, 
see  p.  470.  Milk  can  be  drawn  into  sterile  test-tubes,  after  a 
very  thorough  cleansing  of  the  surface  of  udder  and  teats; 
but  one  should  expect  to  find  a  portion  of  the  tubes  accident- 
ally contaminated.  Urine  can  be  obtained  in  a  sterile  condi- 
tion either  by  passing  it  directly  into  sterile  vessels  or  draw- 
ing it  with  a  catheter,  after  a  careful  disinfection  of  the 
urethra  by  Avashing  it  out  several  times. 

Now  and  then  very  good  opportunities  occur  for  the  collec- 
tion of  a  large  quantity  of  sterile  culture  fluid  from  living 
patients.  Dropsical  and  other  similar  fluids  can  be  collected 
free  from  germs  without  great  difficulty.     For  this  purpose. 
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a  small  Southey  trocar  is  used,  and  the  fluid  is  collected  in  a 
larg-e  flask  furnished  with  a  rubber  stopper  bored  with  two 
holes,  one  of  which  is  plug-g-ed  with  cotton,  w^hile  the  other 
admits  a  short  glass  tube  which  is  joined  by  rubber  tubing-  to 
the  trocar.  The  instrument  and  g-lass  ware  are  sterilized  at 
140°  C,  while  the  rubber  tubing-  and  stopper  are  steamed  be- 
fore use. 

The  rules  for  preparing-  primarily  sterile  infusions  are  im- 
plied in  the  preceding-.  Meat  infusion,  for  instance,  is  obtained 
by  cutting-  a  piece  of  muscle  from  a  recently  slaughtered  ani- 
mal, as  rapidly  as  possible,  and  with  all  care,  and  dropping  it 
into  sterilized  water.  Vegetable  infusions  are  generallj^  more 
easily  prepared,  if  rather  large  organs,  such  as  fleshy  roots 
and  tubers,  are  employed.  The  surface  of  these  is  cleansed 
Avith  sublimate  solution,  after  which  prismatic  pieces  are  rap- 
idly cut  from  the  interior  with  a  knife  that  has  been  heated 
in  the  flame  so  that  it  hisses  with  each  cut.  From  the  nature 
of  the  case,  rules  for  each  particular  instance  cannot  be  given, 
often  it  is  necessary  to  specialW  prepare  the  substance,  e.g., 
in  forming  the  primarily  sterile  infusion  of  jequirity  as  de- 
scribed b}^  Salomonsen  and  Christmas  ("  Hosp.  Tid.,"  1884). 

It  is  always  to  be  expected  that  a  certain  number  of  the 
fluids  and  infusions  prepared  in  the  ways  indicated  above  have 
become  accidentally  contaminated  in  the  process  of  prepara- 
tion; hence  they  must  never  be  made  use  of  until  they  have 
been  kept  several  days  in  the  thermostat  at  about  35°  C,  re- 
maining completely  clear  and  unchanged. 


CHAPTER  XII. 

DISINFECTION   EXPERIMENTS. 

When  it  is  desired  to  learn  whether  a  disinfectant  is  capa- 
ble of  destroying-  a  given  contag'ium,  the  most  natural  way 
is  to  expose  this  particular  g-erm,  if  it  is  known,  or  if  not,  sub- 
stances which  carry  it,  to  the  influence  of  the  disinfectant, 
after  which  it  is  used  for  the  inoculation  of  a  suitable  org-an- 
ism.  But  the  difficulties  in  the  way  of  such  a  test  of  disinfect- 
ants are  evident.  Often  the  contag'ium  is  one  to  which  our 
experimental  animals  are  not  susceptible,  and  even  when  in- 
oculations are  possible,  they  are  often  too  complicated  to  be 
feasible  on  a  larg-e  scale.  Hence,  long  before  pathog-enic  bac- 
teria could  be  isolated  in  cultures,  putrefactive  bacteria  and 
other  micro-organisms  were  employed  as  substitutes  for  the 
real  contagia,  in  investigations  concerning  the  efficacy  of  disin- 
fectants, because  of  the  resemblance  of  pathological  processes 
to  those  of  putrefaction  and  fermentation. 

To-day,  with  greater  reason,  non-pathogenic  bacteria  can 
be  eniplo^^ed  as  tests  of  the  relative  disinfecting  power  of 
various  substances ;  for  we  now  know  that  a  large  part  of  the 
contagia  really  are  bacteria,  and  a  better  knowledge  of  the 
natural  history  of  the  latter  has  rendered  possible  the  avoid- 
ance of  numerous  errors  pertaining  to  earlier  investigations 
and  results.  For  instance,  it  is  now  known  that  a  motile 
species  is  not  to  be  regarded  as  dead  because  its  motions 
cease;  and  the  extremely  different  resisting  power  of  different 
species,  and  the  surprising  vitality  of  spores,  are  now  recog- 
nized, as  well  as  the  fact  that  conclusions  cannot  be  drawn 
for  bacteria  in  general,  and  hence  for  all  contagia,  from  what 
is  learned  of  casual  mixtures  of  bacteria.  E.g.,  the  bacillus 
of  typhoid  fever  is  ver^^  resistant  toward  carbolic  acid,  a  cir- 
cumstance which,  according  to  Chantemesse  and  Vidal,  facil- 
itates their  recognition  in  mixtures  of  bacteria,  since  they  are 
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capable  of  developing  in  nutrient  gelatin  which  contains  0.3  per 
cent  of  carbolic  acid.  On  the  other  hand,  substances  are  to 
be  found  which  are  poisonous  to  a  single  species,  while  they 
are  quite  harmless  for  others:  e.g.,  iodoform,  on  the  anti- 
bacterial influence  of  which,  blind  reliance  was  placed  before 
the  investigations  of  Rovsing  and  Hejm.  But  while  this  sub- 
stance is  not  fatal  to  the  greater  number  of  bacteria,  such  as 
Micrococcus  pyogenes  aureus,  the  tubercle  bacillus  (Rovsing) 
and  a  number  of  other  pathogenic  forms,  either  within  the 
animal  organism  or  in. cultures,  it  is  extraordinarily  destruc- 
tive to  the  cholera  spirillum  (Buckner). 

Koch^s  directions  for  experiments  with  disinfectants  will 
be  followed  here  very  closely,  since  he  has  recentl^^  stated  the 
problem  clearly,  and  given  the  simplest  and  best  means  of 
solving  it.  It  is  also  well  known  that  the  researches  of  Koch, 
Gaffk}^,  and  Loeffler  concerr^ing  many  points  have  caused  an 
entire  revolution  in  the  methods  of  disinfection. 

The  rules  to  be  followed  in  testing*  the  germicidal  value  of 
a  disinfectant,  are,  briefl}',  the  following : 

Pure  cultures  of  well-known  bacteria  are  used  as  reagents, 
not  mixtures  of  unknown  composition.  For  a  complete  knowl- 
edge of  the  rank  of  the  disinfectant,  tliese  pure  cultures  should 
represent  the  several  groups  of  micro-organisms  which  are 
active  in  disease  and  fermentation,  i.e.,  moulds,  yeasts,  and 
bacteria.  Bacteria  which  do  not  form  spores  should  also  be 
represented,  as  well  as  the  most  resistant  bacilli  {e.g.,  the 
hay  bacillus.  Chapter  IV.).  But  if  it  is  only  desired  to  learn 
whether  a  given  substance  is  capable  of  destroying  all  organic 
life,  and  consequentlj^  all  living  contagia,  it  is  sufficient  to  use 
bacillus  spores  alone,  since  these  are  the  most  resistant  living 
beings  known  at  the  present  time. 

The  forms  chosen  as  reag'ents  ought  to  be  easily  recog-- 
nizable  by  macroscopic  characters;  consequently  chromogenic 
species  are  preferable,  such  as  the  black  Aspergillus  niger, 
the  pink  yeast  ["  Saccharomyces  glutinis"],  the  blood-red  J][i- 
crococcus  x>t^odigiosus,  etc.,  etc.  The  persistence  or  absence 
of  ability  to  develop  after  exposure  to  the  action  of  the  disin- 
fectant is  taken  as  evidence  of  their  life  or  death. 

According  to  the  nature  of  the  disinfectant,  and  the  cir- 
cumstances under  which  it  is  tested,  the  cultures  employed  as 
reagents  are  used  in  various  ways.     Sometimes  they  are  not 


562  Bacteriological    Technology. 

prepared  in  any  way ;  e.g.,  a  tube  or  flask  with  the  contained 
bacteria  and  culture  medium  can  be  exposed  to  a  hig'h  tem- 
perature for  a  given  time,  and  the  power  of  its  contents  to 
develop  tested  by  inoculation  in  a  fresh  tube;  or  a  drop  of  a 
pure  culture  can  be  distributed  throug-h  a  disinfecting-  fluid 
and  the  mixture  sown  upon  a  suitable  culture  medium. 

But  it  is  g-enerally  more  convenient  to  use  the  cultures 
dried  upon  a  solid  substance,  in  which  condition  they  are 
more  easily  preserved,  transported,  and  made  use  of.  They 
may  be  employed  in  either  of  the  following-  ways : 

The  pure  zoogioea  is  sliced  off  from  a  potato  culture  by 
means  of  a  flamed  knife,  with  as  little  of  the  tissue  of  the 
potato  as  possible,  and  laid  away  to  dry  in  a  sterilized  g-lass 
tra}^  which  is  wrapped  in  a  double  la^^er  of  filter-paper  instead 
of  being-  covered  by  the  lid.  This  prevents  the  access  of  dust, 
while  it  permits  evaporation  to  g-o  on  rapidly  enough  to  com- 
pletely^ dry  the  culture  in  a  couple  of  days.  The  dried  cultures 
are  kept  in  sterilized  test-tubes  plug-g-ed  with  cotton,  until  they 
are  to  be  used. 

Small  pieces  of  filter-paper  sterilized  at  150°  C.  are  rubbed 
upon  the  potato  culture  to  be  used,  by  the  aid  of  a  sterilized 
g-lass  rod,  and  dried  and  preserved  as  in  the  preceding-  case, 
after  being-  "cut  into  narrow  strips  with  a  pair  of  scissors. 
These  strips  are  subsequently  cut  into  smaller  square  pieces 
when  they  are  to  be  used.  In  case  of  fluid  cultures,  the  paper 
may  be  saturated  with  them,  and  dried,  but  it  is  better  to  use 
the  next  method. 

White  silk  thread  is  cut  into  pieces  8  to  10  mm.  long-,  which 
are  sterilized  at  150°  C.  in  test-tubes  plug-g-ed  with  cotton. 
Thoug-h  they  may  be  rubbed  upon  solid  culture,  as  in  the  last 
case,  these  are  especially  suited  to  fluid  cultures,  into  which  a 
larg-e  number  of  them  are  dropped.  After  being-  well  shaken 
about  here  for  some  time,  they  are  taken  out  and  dried  as 
above,  care  being-  taken  to  lay  them  in  the  g-lass  well  sepa- 
rated, since,  especially  when  taken  from  liquefied  g-elatin  cul- 
tures, thej^  are  very  apt  to  cling-  tog-ether.  They  are  preserved 
as  in  the  preceding-  cases. 

Frequent  use  is  made  of  the  spores  of  Bacillus  anthracis 
and  B.  suhtiUs,  in  disinfection  experiments.  To  be  sure  of 
abundant  formation  of  spores  in  the  former,  it  must  be  sown 
on  the  surface  of  nutrient  ag-ar,  and  kept  in  the  brood-oven  at 
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30°  to  37"  C,  for  a  week  or  longer.  When  it  is  found  bj^  mi- 
croscopic observation  that  fully  developed  normal  spores  are 
abundant,  and  the  vegetative  filaments  begin  to  disappear,  1 
to  2  cm.  of  sterilized  water  is  added  to  the  tube  containing  the 
spore  bearing  culture,  which  is  distributed  through  it  by  ener- 
getic shaking.  The  pieces  of  sterile  silk  are  dropped  into  the 
turbid  fluid,  and  preserved  in  the  manner  indicated.  The 
hay  bacillus  is  always  certain  to  form  its  spores  in  a  fluid 
medium  such  as  bouillon.  It  is  sown  in  a  conical  flask  con- 
taining bouillon  to  a  depth  of  2  cm.,  and  kept  at  30°  to  37°  C. 
A  day  or  two  later  it  has  developed  a  firm  spore-bearing  mem- 
brane upon  the  surface  of  the  turbid  liquid.  After  some  time 
the  culture  becomes  exhausted  and  loses  its  turbiditj^,  the  spores 
sinking  to  the  bottom  as  a  white  powder.  Three-fourths  of 
the  supernatant  fluid  is  poured  off,  the  precipitate  of  spores 
is  shaken  up  in  the  remainder,  and  silk  is  saturated  with  it. 

If  spores  are  wanted  which  have  even  more  vitality  than 
those  of  these  two  species,  they  may  be  obtained  from  garden- 
earth,  etc. 

The  spores  of  moulds  are  best  prepared  in  a  somewhat  dif^ 
ferent  manner.  The  mould  is  sown  upon  gelatinized  beer-wort 
in  a  pair  of  small  glass  trays  (Fig.  13).  When  it  has  covered 
the  surface  and  is  in  fruit,  the  entire  culture  can  be  stripped 
off  in  one  piece,  when  it  is  laid  upon  a  piece  of  filter-paper  in 
which  it  is  loosely  wrapped  to  prevent  the  scattering  of  the 
spores,  and  when  dry  it  is  clipped  into  strips. 

Garden  earth  has  also,  by  the  advice  of  Koch,  frequently 
been  used  as  a  bacteriological  reagent  in  disinfection  experi- 
ments. In  this  case  the  rule  that  only  pure  cultures  are  to 
be  used  is  set  aside,  and  in  this  fact  lies  the  disadvantage  of 
using  earth,  which  contains  different  bacilli  in  different  places, 
so  that  it  is  impossible  to  draw  general  conclusions  from  the 
results  obtained  with  a  single  sample  of  earth.  On  the  other 
hand,  it  has  the  advantage  of  being  quicklj^  prepared  any- 
where with  ease;  but  in  comparative  investigations  it  is  neces- 
sary to  use  small  portions  of  the  same  bit  of  earth  for  the 
entire  series.  Pure  cultures  of  the  most  resistant  earth 
bacilli  can  easily  be  obtained  \iy  suspending  a  rather  larij-e 
quantity  of  dirt  in  bouillon,  which  is  afterward  boiled  in  a 
cotton-plugged  flask  for  15  to  30  minutes,  set  aside  at  30°  to  40° 
C.  for  a  couple  of  davs,  and  then  plated  out  in  agar-gelatin. 
11—37 
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It  must  be  remembered  that  these  reag-ents,  excepting-, 
perhaps,  the  baciUus  spores,  cannot  be  kept  in  a  useful  state 
for  an  unhmited  time,  but  that  they  g-enerally  die  after  a  longer 
or  shorter  time.  It  is,  therefore,  necessary  to  ascertain  their 
ability  to  develop  before  using  them  in  case  they  are  rather 
old.     It  is  safest  to  use  freshly  prepared  material. 

The  g-eneral  method  of  carrying-  out  an  investig-ation  is  as 
follows:  1,  exposing  the  bacteria  to  the  action  of  the  disinfec- 
tant; 2,  removing  the  latter;  3,  sowing  or  inoculating  the 
exposed  bacteria  on  a  suitable  culture  medium  or  animal;  4, 
sowing-  on  inoculating  control  material  at  the  same  time;  5, 
observing-  the  result  of  the  cultures  or  inoculations,  not  merely 
as  to  whether  or  not  they  grow,  but  also  rapidity  of  g-rowth, 
virulence,  etc.,  etc. 

When  it  has  been  shown  b^^  such  experiments  that  a  g-iven 
disinfectant  really  destroys  one  of  the  pathogenic  bacteria 
quickly  and  surely,  it  by  no  means  follows  that  the  substance 
is  practically  useful  for  the  destruction  of  this  contagium. 
Before  a  disinfectant  can  be  recommended,  it  is  particularly 
necessary  to  show  that  it  not  only  kills  the  g-erms  on  our  silk 
threads,  bits  of  papers,  and  potatoes,  but  is  also  capable  of 
attackifig-  them  as  they  occur  in  nature — in  clothing,  excre- 
ment, sputum,  etc.  The  effectiveness  of  the  most  powerful 
disinfecting  agents  may  under  such  circumstances  be  neutral- 
ized by  chemical  chang-es  or  the  impermeability'^  of  the  sub- 
stance which  harbors  the  contag-ium,  which,  for  example,  pre- 
vents the  successful  employment  of  the  corrosive  sublimate 
solution  for  disinfecting  vaults  and  tuberculous  sputum.  On 
the  other  hand,  contagia  may  occur  in  nature  under  circum- 
stances more  favorable  for  their  destruction  by  a  given  disin- 
fectant than  is  the  case  when  pure  cultures  of  them  are  ex- 
posed to  its  action.  [Laplace's  solution  of  sublimate  in  crude 
hydrochloric  acid,  diluted  for  use  to  the  standard  ratio  of  1  : 
1,000,  has  the  advantage  over  the  simpler  aqueous  solution,  of 
not  so  readily  forming  insoluble  precipitates  with  albuminoids. 
— W.  T.]  How  to  proceed  so  as  to  accomplish  the  purpose  of 
the  investigation,  is  implied  in  what  has  been  written  above. 
Either  the  infected  excrement,  sputum,  or  clothing-  is  exposed 
to  the  action  of  the  disinfectant  and  then  used  for  inoculation 
experiments  {e.g.,  by  inoculating  guinea-pigs  with  the  tuber- 
culous sputum  that  has  been  treated  with  carbolic  acid  or 
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corrosive  sublimate,  or  causing-  healthy  people  to  wear  pieces 
of  clothing-  disinfected  by  heat  or  chemicals);  or  the  micro- 
org-anisms  mentioned  above  are  used  as  reagents,  carefully 
mingled  with  excrement  or  sputum,  or  placed  in  the  pockets 
or  under  the  lining  of  clothing  in  which  t\iey  are  disinfected, 
and  their  power  of  development  subsequently  tested  in  the 
usual  way. 

Finally,  a  larg-e  number  of  questions  must  be  answered 
which  are  of  a  clinical  or  technical  nature,  etc.,  and  hence  lie 
without  the  scope  of  this  work  {e.g.,  those  concerning  the  dan- 
g-erousness  of  the  substance,  its  possible  injuriousness  to  the 
objects  to  be  disinfected,  offensive  odor,  expensiveness,  etc.); 
and  an  opinion  as  to  its  practical  utility  can  only  be  reached 
after  these  are  considered. 

The  rules  g-iven  here  must  be  kept  in  mind  in  all  disinfec- 
tion experiments,  whether  referring-  to  the  germicidal  power 
of  heat,  sunlight  (Duclaux),  sound  waves,  electricity^,  fluids,  or 
gases.  But  the  methods  must  obAnously  be  modified  in  their 
details  to  suit  each  case.  As  examples,  a  detailed  account  is 
g-iven  here  of  the  best  manner  of  investig-ating  the  disinfecting 
value  of  a  fluid,  and  of  testing  a  disinfecting-  oven. 

1.  Testing  a  Fluid  Disinfectaxt. 

A.  By  the  Use  of  Fluid  Cultures. — Equal  quantities  of 
rather  dilute  and  more  concentrated  solutions  of  the  disinfect- 
ant are  poured  into  a  number  of  sterilized  vessels.  With  the 
same  Pasteur  pipette,  an  equal  number  of  drops  of  a  well- 
shaken  pure  culture  is  added  to  each  of  these  tubes,  and  care- 
fully ming-led  with  its  contents  by  shaking.  The  time  is  noted, 
and  the  same  number  of  drops  of  the  culture  are  then  added  to 
a  control  test-tube  containing  sterile  bouillon  or  0.7  per  cent 
solution  of  table  salt. 

A  large  number  of  test-tubes,  with  5  to  10  cc.  of  nutrient 
jell3^  in  each  are  kept  at  25°  to  30°  C,  so  that  their  contents 
remain  fluid.  From  each  of  the  antiseptic  solutions  that  have 
received  bacteria,  as  well  as  from  the  control  tube,  a  drop  is 
transferred  to  one  of  the  tubes  of  jelly,  the  same  platinum 
loop  being  used  for  all,  to  insure  the  transfer  of  about  the 
same  quantity  in  each  case.  This  is  repeated  at  longer  or 
shorter  intervals  for  the  various  degrees  of  concentration,  and 
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tlie  time  for  wliicli  the  disinfectant  was  allowed  to  act  in  each 
case,  as  well  as  its  concentration,  is  marked  upon  the  tube. 

The  appearance  or  absence  of  bacteria  in  these  isolation- 
cultures,  as  well  as  their  abundance  if  present,  give  the  data 
for  a  determination  of  the  time  required  by  the  disinfectant  in 
a  certain  degree  of  concentration,  to  destroy  a  certam  kind  of 
bacteria.  It  is  a  weak  point  in  this  mode  of  investigation, 
that  a  small  quantity  of  antiseptic  is  always  transferred  to 
the  nutrient  jelly,  together  with  the  bacteria;  but  this  can  be 
assumed  to  be  inactive  in  tlie  degree  of  dilution  caused  b,y 
mixing  it  with  the  jell}^,  and  this  source  of  error  can  always 
be  subjected  to  the  test  of  control  experiments. 

B.  By  Using  Cultures  Dried  on  Silk,  etc. — The  investiga- 
tions are  carried  on  along  the  same  lines  as  the  last.  Sterile 
vessels  are  filled  with  solutions  of  an  antiseptic  of  various  de- 
grees of  concentration.  Several  pieces  of  silk,  charged  with 
bacteria,  are  dropped  m  each.  By  means  of  a  platinum  wire, 
pieces  are  fished  out  at  definite  intervals,  and,  after  removal 
of  the  disinfectant,  sown  in  a  gelatinized  medium.  The  re- 
moval of  the  disinfectant  is  effected  by  carefully  pressing  the 
threads  out  in  sterile  filter-paper,  washing  them  in  water,  and 
again  pressing  them  between  folds  of  filter-paper.  The  paper 
for  this  use  is  cut  in  quadrangular  pieces  of  about  5  sq.  cm., 
folded  like  sheets  of  writing  paper.  These  are  wrapped  in 
paper  in  small  parcels,  and  sterilized  at  150°  C.  before  use. 
The  control  silk  is  placed  in  sterile  bouillon  or  0,7  j)er  cent  salt 
solution,  and  then  washed  in  the  same  manner  as  the  pieces 
that  have  been  exposed  to  the  antiseptic  solutions.  When  the 
disinfectant  has  been  thoroughly  removed  b}^  washing  and 
the  capillary  action  of  the  filter-paper,  the  pieces  of  silk  are 
sown  in  melted  jelly  or  on  solid  jelly.  In  the  first  case,  test- 
tubes  are  used,  which  are  rolled  or  laid  horizontally  while 
cooling,  to  facilitate  the  counting  of  the  germs.  In  the  second 
case,  watch-glasses  or  small  uncovered  trays  (Fig.  13)  are 
used.  Six  to  ten  of  these  are  placed  in  a  larger  pair  of  trays 
(Fig.  12),  sterilized  in  these  at  150°  C,  and  only  filled  immedi- 
ately before  use.  This  arrangement  facilitates  the  microscopic 
control  of  the  cultures,  but  it  makes  later  contamination  pos- 
sible, and  requires  a  more  careful  washing  than  the  isolation 
cultures  in  test-tubes. 

If  the  threads  are  not  sufRciently  washed  out,  the  disinfect- 
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ant  remaining-  in  them  may  diffuse  through  the  surrounding" 
g-eiatin  in  sufficient  quantity  to  prevent  all  growth  about  the 
threads,  even  when  these  contain  living"  bacteria — a  fact  which 
can  cause  (and  has  caused)  mistakes.  The  thoroughness  of 
the  washing  may  be  tested  in  the  following  manner :  Some  of 
the  agar-gelatin  to  be  used  is  inoculated  with  the  same  sort  of 
bacteria  as  those  on  the  threads,  just  before  being"  poured  in 
the  \vatch-g"lasses  or  trays,  where  it  is  then  allowed  to  solidify, 
and  the  silk  is  laid  on  its  surface  as  usual.  Some  days  later, 
the  colonies  appear  in  it,  reaching-  quite  to  the  thread  in  case 
the  washing"  has  been  sufhcient,  while  a  sterile  zone  surrounds 
the  thread  if  it  has  not  been  thorough  enough.  .^rrrr^^ 
Attention  should  be  given  to  this  fact  in  test- 
ing the  freedom  of  antiseptic  dressings  from 
bacteria  by  sowing  them  in  nutrient  gelatin; 
control  cultures  being  made  by  means  of  a 
series  of  thrust-cultures  of  various  bacteria  in 
the  immediate  vicinity  of  the  pieces  of  mate- 
rial in  question. 

2.  Testing  a  Disinfecting  Oven. 

For  this  purpose  are  needed : 

a.  A  variety  of  the  objects  the  oven  is  made 
for  (usually  bed-clothes  and  wearing-apparel) 
are  needed. 

h.  Thermometers.  Usually  it  is  sufficient 
to  have  a  few  maximum  thermometers,  which, 
to  avoid  injury  during  the  investigations,  are 
encased  in  metal  or  wood,  in  the  latter  case  openings  being 
provided  to  prevent  them  from  checking  the  penetration  of 
the  heat.  But  if  it  is  wished  to  learn  easily  and  quickly  when 
a  certain  temperature  {e.g.,  100°  C.)  is  reached  at  a  given  point 
within  the  oven,  an  electric  contact-thermometer  Fig.  G9)  is 
employed.  This  consists  of  a  thermometer  in  the  walls  of 
which  two  platinum  threads  are  fused,  one  (pi)  entering  the 
mercury  in  the  bulb,  the  other  (p)  touching  the  mercury  only 
when  the  boiling-point  of  water  (or  other  desired  temperature) 
is  reached.  By  means  of  screws  (s  and  Si),  the  thermometer  is 
connected  with  wires  that  may  be  passed  through  the  door 
of  the  oven  and  inserted  in  an  electric  circuit  including"  a  bell 
which  sounds  when  the  circuit  is  closed. 


Fig.  69.— Electric 
Thermometer. 
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c.  Bacteria. — The  principal  of  these  are  resistant  spores, 
Uke  those  of  Bacillus  anthracis,  B.  subtilis,  TyrotluHx  scaber 
(Duclaux),  and  certain  earth-bacilli.  The  material  is  prepared 
as  indicated  on  pag-es  562-564,  For  packages,  filter-paper  is 
used,  folded  like  the  papers  used  by  drug-gists  for  "  powders," 
and  sterilized  at  150°  C.  The  papers  are  marked  and  num- 
bered with  a  lead -pencil,  and  those  containing  the  different 
sorts  of  spores  are  collected  in  small  parcels  which  can  event- 
ually be  tied  to  a  thermometer. 

When  the  material  for  the  test  is  read}',  the  oven  is  packed 
as  it  is  intended  to  be  in  regular  use.  The  thermometers  and 
test-bacteria  are  distributed  through  the  oven  during  this  pro- 
cess, not  merely  between  and  upon  the  clothing,  but  within  it, 
in  j)laces  where  contagia  might  easily  exist,  but  where  the 
heat  penetrates  only  with  difficulty.  For  instance,  mattresses 
and  pillows  are  ripped  open  enough  to  allow  of  the  insertion 
of  thermometer  and  bacteria  into  the  straw,  hair,  moss  or 
feathers,  and  again  closed  by  sewing  or  the  use  of  safety  pins; 
one  or  more  blankets  are  rolled  tightly  about  thermometer 
and  bacteria,  etc.  If  the  bacteria  are  destroyed  under  these 
circumstances,  it  is  evident  a  fortiori  that  as  good  results 
are  attainable  with  the  looser  packing  which  may  be  employed 
in  the  daily  use  of  the  oven.  Care  must  be  taken  that  the 
thermometers  are  not  all  collected  about  a  single  place,  but 
are  distributed  through  the  oven. 

After  the  oven  is  packed,  it  is  best  to  make  a  diagram  (Fig. 
70)  of  its  contents,  that  the  temperature  reached  and  its  in- 
fluence on  the  bacteria  may  be  subsequently  noted  at  various 
points,  giving  an  excellent  sj^nopsis  of  the  results  of  the  test. 

At  the  end  of  the  experiment,  as  accurate  notes  as  possible 
are  made  of  the  time  for  which  it  was  continued,  the  amount 
of  fuel  consumed,  etc. ;  the  articles  are  unpacked,  and  their 
appearance,  degree  of  dryness  and  brittleness,  etc.,  observed, 
and  the  thermometer  readings  made. 

The  packets  of  bacteria  are  wrapped  in  paper,  in  which 
they  can  be  carried  to  the  laborator}'  without  danger  of  con- 
tamination. Cultures  are  made  from  them,  as  outlined  on  p. 
566,  either  in  test-tubes  or  trays.  But  it  is  to  be  observed 
that  the  latter  sort  of  cultures  is  not  suited  to  garden -earth, 
because,  even  when  the  dirt  is  poured  from  the  papers  ver}^ 
slowly,  particles  easily  fall   into  adjacent  trays.     It  must. 
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therefore,  be  poured  on  the  surface  of  g-elatin  which  has  heen 
allowed  to  harden  obliquely  in  test-tubes.  In  larg-er  series  of 
comparative  tests,  it  is  well  to  place  the  cultures  in  a  brood- 
oven  at  20°  C,  but  isolated  exi^eriments  are  as  well  made  at 
the  varying-  temperature  of  the  room;  Most  cultures  require 
to  be  kept  only  a  week,  but  those  from  garden-earth  must  be 
watched  for  a  couple  of  weeks,  as  they  occasionally^  contain 
resistant  forms  which  develop  very  late.  It  is  necessary  to 
note  not  only  whether  or  not  growth  occurs,  but  also  whether 
there  is  any  retardation  of  the  development  of  the  bacteria, 
and,  in  isolation  cultures,  their  number. 

The  final  results  of  the  experiment  are  most  conveniently 


Fig.  to.— Diagram  of  a  Packed  Disinfection  Oven,  with  Indication  of  the  ResuUs  of  a  Test. 

reg-istered  by  noting  the  thermometric  and  bacteriological  ob- 
servations upon  the  diagram  representing-  the  contents  of  the 
oven.  In  Figure  70,  +  indicates  growth;  0  no  development; 
and  the  species  of  bacteria  are  indicated  by  the  relative  posi- 
tion of  the  marks,  which  are  always  arranged  in  the  same 
sequence— earth,  hay,  anthrax-bacilli.  E.g.,  within  the  upper 
mattress  of  the  Figure,  the  temperature  reached  was  102°  C, 
and  all  three  species  of  bacteria,  were  killed,  while  the  earth- 
bacilli  survived  the  disinfection  within  the  rolled  woollen 
blankets,  where  the  temperature  was  between  103°  and  104° 
C,  etc. 

As  has  been  intimated  above,  one  should  be  careful  not  to 
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confound  tlie  power  of  a  disinfectant  to  check  or  prevent  the 
growth  of  tlie  bacteria,  with  its  power  of  killing-  them.  That  a 
substance,  added  in  a  certain  quantity  to  a  readily  putrefying- 
fluid,  prevents  decomposition,  by  no  means  requires  that 
it  should  have  killed  the  bacteria  in  the  fluid.  The  development 
and  dissemination  of  the  germs  may,  perhaps,  have  been  pre- 
vented ;  and  it  may  be  that  when  brought  into  a  new  and  fa- 
vorable soil  they  would  prove  very  well  able  to  develop.  It  is 
not  superfluous  to  mention  this  perfectl3^  obvious  fact,  because 
it  is  often  overlooked,  giving  origin  again  and  again  to  errors. 

If  it  is  wished  to  learn  the  degree  of  concentration  in  which 
a  given  material  begins  to  check  the  growth  of  different 
micro- organisms,  and  that  in  which  it  renders  growth  entirely 
impossible,  the  following  method  is  employed,  bacteria  and 
moulds  being  used,  selected  as  indicated  on  p.  561. 

A  suitable  number  of  test-tubes  are  filled  with  nutrient 
material  (generally  gelatin)  adapted  to  the  organisms  selected. 
Some  of  these  glasses  are  left  untouched,  serving  for  control, 
while  larger  or  smaller  quantities  of  the  substance  to  be  tested 
are  added  to  the  rest,  so  that  all  degrees  of  concentration  are 
obtained.  In  preliminary  experiments,  it  is  best  to  pour  nearly 
equal  quantities  of  gelatin  into  all  of  the  tubes,  adding  to  them 
different  quantities  of  a  strong  solution  of  the  substance,  of 
known  concentration,  by  means  of  glass  pipettes  graduated  to 
0.05  cc.  From  these  data,  the  percentage  of  the  substance  in 
each  culture  glass  can  readily  be  calculated. 

The  species  of  bacteria  on  which  it  is  desired  to  test  the 
disinfectant  is  sown  in  the  vessels  prepared  in  this  waj^,  the 
material  used  for  inoculating  all  being  taken  from  a  single 
culture  and  by  means  of  the  same  needle  or  pipette.  The 
quantity  used  for  inoculation,  and  the  manner  in  which  the 
needle  is  used  should  also  be,  as  far  as  possible,  exactly  the 
same  for  the  different  glasses,  which  are  then  observed  daily, 
the  least  degree  of  concentration  which  permits  no  growth 
along  the  thrust  and  the  least  which  perceptibly  checks  the 
growth  of  the  bacteria,  being  noted.  The  latter  point  is  chiefly 
indicated  by  a  retardation  of  development,  and  by  a  change 
in  the  macroscopic  habit  of  the  colonies. 

Figure  71  illustrates  this.  It  represents  three  test-tubes 
with  peptonized  meat-infusion  gelatin  to  which  0.05  per  cent  of 
carbolic  acid  was  added  in  the  first,  0.4  j^er  cent  in  the  second. 
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and  0.7  per  cent  in  the  third.  The  same  bacilhis  was  sown  in 
all  three  glasses,  which  eight  days  later  presented  the  appear- 
ance represented.  In  the  first  tube,  the  appearance  of  the 
culture  was  the  same  as  in  the  untreated  control-tube — a  large 
close  irregular  felt  of  bacilli  floating  on  a  quantitj^  of  melted 
gelatin  at  the  very  top,  and  below,  above  the  thrust  in  the 
still  solid  gelatin,  a  number  of  dot-like  colonies,  from  some  of 
which,  especially  the  uppermost,  fine  undulating  threads  radi- 
ate in  all  directions.  In  the 
second  tube,  during  the  same 
time,  the  felt  of  bacilli  next  the 
surface  had  not  reached  the 
glass,  liquefaction  was  limited 
to  a  small  hemispherical  de- 
pression immediately  about 
the  needle-thrust,  while  no 
trace  was  to  be  seen  of  fila- 
ments from  the  deeper  colo- 
nies, which  did  not  approach 
the  bottom  so  nearly  as  in  the 
first  glass.  The  third  tube 
showed  little  surface  growth, 
no  liquefaction,  and  only  a 
short,  firm,  inversely  conical 
colony  in  the  solid  gelatin. 
Very  similar  differences  are 
found  in  cultures  of  Koch's 
bacillus  of  mouse  septicaemia, 
grown  in  gelatin  with  and 
Avithout    carbolic    acid.     The 

peculiar  cloud-like  fine  growth  t'"*''  to  vhich  has  been  Added  tl.e  Percentage 
'-  of  Carbolic  Acid  Indicated  in  Each. 

never  appears  in  the  cultures 

containing  much  carbolic  acid,  in  which  the  bacilli  show  as 

small,  dense,  dot-like  colonies. 

This  prepares  the  observer  for  morphological  changes  in 
the  microscopic  appearance  of  the  bacteria  so  grown;  and  it 
must  also  be  remembered  that  under  such  conditions  a  perma- 
nent physiological  transformation  of  the  bacteria  has  been 
induced,  as  in  the  attenuation  of  the  virulence  of  B.  cmthracis 
by  cultivating  it  in  carbohc  acid  (Toussaint,  Chamberland.and 
Roux) — a  result  which  gives  especial  interest  to  experiments 
of  this  sort. 


Fig.  T1. — Three Culturesof  B.  anthracis  after 
Seven  Days'  Growth  in  Peptonized  Meat  Gela- 


CHAPTER  XIII. 

MICROSCOPIC  EXAMINATION,  AND  STAINING  OF  BACTERIA. 

One  side  of  the  microscopic  examination  of  bacteria  has 
already  been  considered  in  Chapter  IX.  (moist  chambers),  and 
in  sketching  the  plate-cultures  of  Koch,  where  not  only  the 
peculiarities  of  the  colonies  (whether  entire,  lobed,  fringed, 
smooth,  g-raaular,  wrinkled,  etc.)  can  be  observed  with  weaker 
and  medium  powers,  but  which  without  further  contrivances, 
may  also  be  studied  with  higher  powers,  the  most  superficial 
colonies  being  even  accessible  to  the  most  powerful  immersion 
lenses  when  covered  with  a  cover-glass. 

If  it  is  wished  to  study  individual  cells  more  closel3%  the 
colony  need  only  be  touched  with  a  sterile  platinum  needle, 
and  the  adhering  material  distributed  through  a  small  drop 
of  0.7-per-cent  solution  of  table  salt  (free  from  bacteria),  spread 
in  a  thin  layer  under  a  cover-glass.  If  the  bacteria  grow  in  a 
fluid  medium,  a  small  drop  of  the  culture  is  placed  under  the 
cover-glass  without  further  treatment  except  for  final  dilution 
with  the  standard  salt  solution.  The  addition  of  such  a  neu- 
tral fluid  may  occasionally  facilitate  the  investigation,  not 
only  b}^  isolating  the  germs,  but  by  modifying  the  differences 
of  refraction. 

If  such  preparations  are  to  be  examined  for  a  longer  time 
or  with  an  immersion  lens,  it  should  be  sealed  with  paraffin, 
which  is  best  applied  by  means  of  a  glass  tube  4  mm.  in  diam- 
eter fllled  with  paraffin  and  drawn  out  to  a  short  open  point, 
from  which  the  melted  paraffin  flows. 

The  movements  of  living  bacteria  cannot  be  observed  long 
in  such  sealed  preparations,  since  they  are  stopped  by  want  of 
oxygen.  This  may  be  put  off  for  a  time  by  having  a  number 
of  rather  large  air-bubbles  under  the  cover-glass,  or,  in  case 
the  bacteria  are  contained  in  water,  by  introducing*  one  of  the 
filamentous  green  algte  (Engelmann).     Impelled  by  their  need 
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of  oxyg-en,  the  bacteria  collect  about  the  bubbles  or  algge  (the 
latter  of  which  continue  to  set  free  oxygen,  as  a  result  of  as- 
similation), and  keep  up  their  motions  until  the  supply  is  ex- 
hausted or  the  activity  of  the  algas  ceases.  The  study  of  the 
manner  in  which  the  bacteria  move  can  be  facilitated  by 
slightly  coloring-  them,  as  indicated  below.  The  movements 
of  the  very  active  species  can  be  checked  by  compressing-  them 
strongly  by  pressure  on  the  cover-glass.  All  motion  in  a  lim- 
ited part  of  the  preparation  may  be  stopped  by  the  same 
means,  individuals  here  and  there  afterward  recommencing- 
their  movement,  but  at  first  very  slowly. 

The  best  way  of  studying-  the  movements  of  bacteria  is, 
naturall}',  by  the  use  of  a  moist  chamber,  Ranvier's  moist 
chamber,  and  the  method  indicated  on  p.  537  is  especially 
advisable,  as  the  difficulties  of  using*  the  hang-ing-  drop  are 
thus  avoided. 

The  use  of  staining  fluids,  especiall}'  certain  aniline  colors, 
is  an  indispensible  adjunct  in  the  microscopic  study  of  bac- 
teria. The  employment  of  the  methods  of  staining  now  used, 
not  only  g^reatly  facilitates  the  demonstration  and  observation 
of  bacteria  in  fluids,  but  the  detection  of  stiaictural  peculiari- 
ties which  escape  observation  in  the  unstained  cells,  e.g.,  the 
flagella  of  certain  bacteria,  the  peculiar  ends  of  the  cells  of 
B.  anth?^ac2S,  etc.;  and  it  also  discloses  chemical  differences 
which  are  sometimes  of  extraordinar}-  importance  for  clinical 
diagnosis,  e.g.,  in  demonstrating-  the  tubercle  bacillus,  stain- 
ing has  also  rendered  it  possible  to  obtain  handsome  perma- 
nent preparations  of  free  bacteria,  and,  above  all,  to  demon- 
strate bacteria  within  the  tissues  and  to  studj'  their  distribution 
in  the  organs  and  their  relations  to  the  cells.  The  develop- 
ment of  the  technology  of  staining-  to  the  high  point  it  has 
now  reached  is  due  chiefly  to  three  men,  Weigert,  Koch,  and 
Ehrlich. 

The  dyes  used  in  bacteriological  investigation  nearly  all 
belong-  to  the  large  class  of  aniline  colors,  and  especialh'  to 
the  g-roup  called  basic  by  Ehrlich,  who  first  called  attention 
to  the  fact  that  the  aniline  colors  are  divisible  into  two  main 
g-roups :  the  acid  colors,  in  which  the  staining:  principle  is  an 
acid  (e.g.,  ammonium  picrate);  and  the  basic,  consisting  of  a 
staining  base  in  combination  with  an  acid  that  does  not 
stain  {e.g.,  acetate  of  rosaniline).    Methylene  bhie,  fuchsin, 
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g-entiaii-violet,  vesuvin,  etc.,  belong-  to  this  group  of  basic 
dyes  (used  by  histologists  as  nuclear  stains),  which  have 
proved  especially  adapted  to  the  staining"  of  bacteria,  free  or 
in  situ,  so  that  it  has  proved  possible  by  their  use  to  stain  all 
known  pathogenic  bacteria  in  sections,  strongly,  permanently, 
sparingly,  and  distinct  from  the  invaded  tissue.  Ehrlich  like- 
wise calls  those  dyes  neutral  which  are  formed  by  the  union 
of  a  base  and  acid  both  of  which  are  capable  of  staining-  {e.g., 
picrate  of  rosaniline). 

Naturally,  it  is  not  always  possible  to  at  once  secure  all  of 
these  desirable  results  equally  well,  and  especially  soft  stain- 
ing of  the  histolog-ical  elements  is  often  advantageously  made 
to  give  place  to  the  intense  coloring  of  all  bacteria  present. 
But  Baumgarten  has,  for  instance,  succeeded  b3'  a  rather  com- 
plicated method  in  showing  upon  the  same  slide  the  tubercle- 
bacilli  and  the  caryokineses  resulting  from  their  invasion. 
Baumgarten's  method  is  the  following:  The  diseased  rabbit  is 
killed,  and  small  pieces  of  the  tuberculous  organs  are  cut  out 
as  quickly  as  possible  and  at  once  cast  into  0.2-per-cent  chromic 
acid,  where  they  are  hardened  for  forty-eight  hours,  then 
washed  out  thoroughly  in  running  water  for  as  much  as 
twent^^-four  hours,  and  rehardened  for  twenty-four  hours  in 
strictly  absolute  alcohol.  The  thinnest  possible  sections  are 
laid  in  freshly  prepared  aniline-methyl  violet  (No.  8)  for  a  long 
time  (as  much  as  forty-eight  hours),  washed  not  to  exceed 
thirty  seconds  in  1  part  of  nitric  acid  to  5  of  water,  the  de- 
colorization  being  then  completed  in  60-per-cent  alcohol  (No. 
17),  after  which  they  go  into  a  mixture  of  equal  parts  of  a 
concentrated  alcoholic  solution  of  fuchsin  (No.  1)  and  distilled 
water  for  half  an  hour  to  an  hour,  then  for  five  to  ten  seconds 
in  an  aqueous  solution  of  methylene  blue  (1  : 1,000),  and  finally 
for  five  to  ten  minutes  in  absolute  alcohol,  changed  once  or 
twice.  The  sections  are  finally  mounted  in  balsam  thinned 
with  bergamot  oil,  but  without  chloroform. 

Instead  of  the  more  complicated  method  of  staining  the 
nuclei  with  fuchsin  and  meth\'lene  blue,  according  to  Baum- 
garten a  concentrated  solution  of  vesuvin  in  1  -per-cent  acetic 
acid  may  be  used. 

For  securing  intense  and  permanent  staining,  the  same 
means  are  employed  as  in  dyeing  on  a  larger  scale;  i.e.,  by 
the  prolonged  action  of  the  staining  fluid;   warming  the  lat- 


Bacteriological    Technology.  575 

ter,  either  for  a  long-  time  in  the  thermostat  at  40°  to  50°  C, 
or  more  inteiisel3"  but  for  a  shorter  time  over  the  flame;  or  by 
the  use  of  mordants,  e.g., — potash,  carboUc  acid,  aiiihne  oil,  or 
tannin — which  have  a  certain  tendency  to  unite  with  both  the 
dye  and  the  object  to  be  stained,  so  that  they  serve  as  a  sort 
of  connecting-  hnk. 

The  possibihty  of  staining  bacteria  in  contrast  with  the 
surrounding  tissue  is  j)artly  due  to  the  difl'erent  "elective" 
power  of  various  dyes  (Ehrlich),  i.e.,  their  different  poAver  of 
staining- certain  tissue  elements;  and  partly- to  the  different 
strength  with  which  they  stain  various  parts  of  the  prepara- 
tion, i.e.,  the  different  stability  of  the  union  t\\ej  form  with 
them.  The  following  experiment  of  Ehrlich  and  Schwarze 
illustrates  in  a  striking"  way  the  different  elective  power  of 
three  acid  aniline  colors,  aurantia,  indulin,  and  eosin.  When 
a  cover-glass  preparation  of  blood  is  made  b^^  distributing  it 
in  a  thin  layer,  drying  it,  and  heating  to  120°  C,  and  the  pig- 
ments are  tested  on  it,  it  is  seen  that  each  of  the  latter  pos- 
sesses the  power  of  coloring"  the  red  corpuscles  as  well  as  the 
nuclei  of  the  white  corpuscles  and  the  peculiar  granules,  found 
in  some  of  the  white  cells,  which  Ehrlich  calls  a-granules. 
But  if  the  blood-preparation  is  treated  with  a  solution  of  the 
three  dyes  in  glycerin  (made  b^^  adding  an  excess  of  eosin  and 
indulin  to  a  mixture  of  1  part  of  saturated  solution  of  aurantia 
in  glycerin,  and  2  parts  of  pure  glycerin),  the  haemoglobin  is 
colored  yellow  by  the  aurantia  ;  the  nuclei,  grray  or  black  by 
the  indulin,  and  the  a-granules,  red  by  the  eosin.  The  fact 
that  certain  parts  of  the  preparation  hold  the  coloring  matter 
more  tenaciously  than  others,  is  used  in  demonstrating"  bac- 
teria in  sections,  the  general  plan  being  to  overstain  the  entire 
preparation,  subsequently  securing"  the  differentiation  by  de- 
colorizing (and  finally  staining-  in  some  contrasting"  color)  cer- 
tain parts,  leaving  the  others  colored  as  at  first.  The  degree 
of  decolorization  can  be  regulated  hy  the  substance  chosen  to 
effect  it.  If,  for  example,  we  have  a  section  of  an  organ  con- 
taining- bacteria,  which  has  lain  in  a  strong-  solution  of  methyl 
violet,  and  wash  it  in  water,  microscopic  examination  will 
show  the  bacteria,  as  well  as  the  protoplasm  and  nuclei  of  the 
cells,  colored  deep  violet  (diffuse  staining).  If  it  is  washed  in 
dilute  acetic  acid  (p.  5S0,  No.  11),  the  protoplasm  becomes  de- 
colorized, while   the   bacteria    and    nuclei   retain    the    color 
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(nuclear  staining-).  If  it  is  washed  in  potassium  carbonate 
(No.  15),  the  coloring-  matter  is  also  driven  from  the  nuclei,  the 
bacteria  alone  remaining-  stained  (isolated  staining-  of  the  bac- 
teria). By  still  more  powerful  ag-ents,  such  as  25-per-cent 
nitric  acid  or  hydrochloric  acid,  most  species  of  bacteria  can 
likewise  be  decolorized,  so  that  only  a  very  few  sorts  remain 
stained  (tubercle  stain) ;  but  relocated  treatment  with  strong- 
solutions  of  mineral  acids,  if  continued  sufficiently  long-,  also 
removes  the  stain  from  these  species,  and  it  must  be  remem- 
bered throug-hout  that  the  time  for  which  the  preparations 
are  exposed  to  the  action  of  the  decolorizing-  agent  is  of  de- 
cisive importance  for  the  result,  since  the  power  of  the  differ- 
ent elements  to  resist  decolorization  usually  differs  only  in 
deg-ree,  not  in  kind.  In  each  case,  therefore,  it  is  necessary  to 
avoid  decolorizing  too  little  or  too  much,  and  as  it  is  not  easy 
to  give  very  exact  instructions  as  to  the  time  needed,  this  is 
one  of  the  points  on  which  long-  experience  plays  an  import- 
ant part. 

To  further  differentiate  the  bacteria  from  the  tissue  ele- 
ments, and  to  bring-  the  form  and  disposition  of  the  latter  out 
more  clearly,  multiple  staining  (usuall3''  double  staining)  can 
be  employed,  either  by  using-  a  new  staining-  fluid  on  the  partly 
decolorized  preparations  (successive  staining-,  e.g.,  No.  IT), 
or  by  treating-  them  with  a  fluid  which  at  once  decolorizes  and 
restains  them  in  part  (replacement  staining).  Treating  the 
same  preparation  wit  two  colors  is  also  sometimes  resorted  to 
for  another  purpose,  namely  to  render  the  staining-  more  re- 
sistant toward  decolorizing  substances,  either  by  forming  a 
new  compound  color,  or  otherwise,  e.g.,  the  gentian-violet- 
iodine  method  (Gram)  and  the  fuchsin-methylene-blue  method 
described  on  p.  58G. 

Occasionally  double  staining  may  be  secured  by  the  em- 
ployment of  a  single  dye,  e.g.,  when  methylene  blue  is  used  to 
stain  a  section  which  includes  bacteria  as  well  as  tlie  pecu- 
liarly granulated  connective-tissue  cells  known  as  "Mastzel- 
len,"  the  bacteria  are  colored  blue,  and  the  granules  violet. 
These  granules  (the  ^'-granules  of  Ehrlich)  also  deserve  notice 
for  another  reason.  Since,  like  bacteria  and  nuclei,  they  are 
stained  by  basic  aniline  colors,  and  have  about  the  size  of 
micrococci,  they  may  be  mistaken  for  the  latter,  as  has  often 
been  the  case  with  inexperienced  observers.     As  an  especially 
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favorable  object  for  the  comparative  study  of  micrococcus 
cells  and  these  /--g-ranules,  I  can  recommend  the  mesentery  of 
a  rather  lean  mouse,  dead  of  suppurative  peritonitis  as  a  result 
of  inoculation  with  p^'og-euic  staphylococci.  The  mesentery  is 
spread  out  on  a  cover-g'lass  ^vhich  is  slipped  beneath  it  while 
it  is  still  attached  to  the  intestine,  by  the  weig-ht  of  which  it 
is  stretched  over  the  glass.  As  soon  as  it  has  dried  fast,  the 
part  projecting  around  the  edge  of  the  glass  is  cut  away,  and 
it  is  treated  as  if  it  were  an  ordinary  cover-glass  preparation 
(by  drying,  passing  through  the  flame,  etc.),  and  stained  by 
methylene  blue.  Among  the  blue  cocci  will  be  found  small 
clusters  of  granules  of  unequal  size,  grouped  irregularly- 
around  an  unstained  nucleus — for  the  nuclei  of  these  cells, 
unlike  those  of  other  connective-tissue  cells,  are  not  colored 
by  this  mode  of  staining  with  basic  aniline  colors.  In  double- 
staining,  colors  are  naturally  chosen  which  contrast  sharply 
and  prettilj'- with  one  another — e.g.,  fuchsin  and  methyl  green; 
fuchsin  and  methyl  blue;  methyl  violet  and  vesuvin  [or 
meth^'l  violet  and  eosin]. 

An  extremely  large  number  of  dj'es  have  gradually  come 
into  use  in  various  ways  for  staining  bacteria;  but  only  a  lim- 
ited number  of  stains  and  methods  will  be  considered  here, 
and  it  is  best,  for  beginners  especially,  to  be  content  with  one 
or  two  of  the  most  universal  and  important  methods,  practising 
them  carefulh'  until  they  are  mastered,  before  going  further. 
It  is  not  possible  to  limit  one's  self  exclusively  to  a  single  d^'e, 
for  the  reason  that  the  behavior  of  ditferent  bacteria  toward 
the  various  staining  fluids,  and  when  different  methods  are 
used,  is  of  diagnostic  importance,  while  there  is  no  one  dye 
which  stains  all  bacteria  equally  well.  E.g.,  the  slight  power  of 
methylene  blue  to  stain  the  bacillus  of  leprosy  can  be  used  to 
distinguish  the  latter  from  that  of  tubercle,  which  otherwise 
resembles  it  closely  (c/.  p.  594).  In  other  cases,  the  behavior 
v/hen  the  Gram  method  is  employed  can  be  utilized  for  diag- 
nosis; e.  g.,  with  gonococci,  which  (like  the  typhoid  bacillus, 
the  cholera  spirillum,  and  the  microbes  of  chicken  cholera  and 
the  septicsemia  of  mice)  are  decolorized  when  the  Gram  method 
is  used,  while  other  pyogenic  micrococci,  which  closely  resem- 
ble them,  retain  the  stain.  The  most  nearly  universal  pig- 
ment is  methylene  blue,  a  substance  introduced  by  Ehrlich, 
which  can  well  be  used  as  the  principal  stain.     By  employing 
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it  in  the  manner  indicated  below  (No.  XIII.),  Kiilme  succeeded 
in  staining-  in  situ  all  of  the  bacteria  that  he  investig-ated.  In 
leprosy  and  mouse  septicemia,  alone,  he  failed  to  obtain  com- 
pletely^ satisfactory  results,  and  for  the  bacilli  of  these  diseases 
he  employed  fuchsin.  Consequently,  it  is  best  to  carefully 
practise  this  "universal  method  with  methylene  blue;"  -and  if 
to  this  are  joined  one  of  the  tubercle  methods  {e.g.,  No. 
XVIII.),  and  the  Gram  method,  one  is  well  equipped,  so  far  as 
sections  are  concerned.  It  is  also  best  to  confine  one's  self  to 
a  few  methods  for  cover-g'lass  preparations. 

The  materials  emplo^^ed,  in  the  methods  described  below, 
are  the  following- :  Distilled  water,  absolute  alcohol,  g-lj^cerin, 
acetic  acid,  hydrochloric  acid,  nitric  acid,  sulphuric  acid, 
chromic  acid,  carbolic  acid,  aniline  oil,  potash,  potassium  car- 
bonate, potassium  acetate,  potassium  iodide,  lithium  carbon- 
ate, iodine,  clove  oil,  berg-amot  oil,  cedar  oil,  turpentine,  xylol, 
Canada  balsam,  shellac,  j)araffin,  fuchsin,  meth^'lene  blue, 
methyl  violet,  gentian  violet,  methyl  g-reen,  vesuvin,  picro-car- 
mine,  and  extract  of  logwood.  Different  aniline  colors  bearing- 
the  same  name  may  differ  to  such  an  extent  as  not  to  be 
equally  adapted  to  histolog-ical  purposes,  so  that  attention 
should  be  given  to  the  source  and  trade  mark  of  g-ood  sorts. 

All  of  the  aniline  colors  named  should  be  kept  in  stock  in 
the  dr}'-  form.  Fuchsin,  meth^dene  blue,  methyl  violet,  and 
g-entian  violet  may  be  further  kept  in  a  saturated  alcohol 
solution  (No.  1),  i.e.,  25  g-m.  of  the  dye  to  100  g-m.  of  absolute 
alcohol,  which  always  leaves  an  abundant  excess  of  undis- 
solved pigment  in  the  bottom  of  the  flask.  Vesuvin  (or  Bis- 
marck brown)  is  best  kept  only  in  powder,  but  if  a  solution  is 
to  be  kept,  this  is  best  made  (No.  2)  by  saturating-  equal  parts 
of  water  and  g-lycerin. 

For  use,  aqueous  solutions  of  the  powders  (No.  3)  va.<iy  be 
directly  prepared,  but  these  do  not  keep  long,  and  are  there- 
fore always  freshly  prepared  from  water  free  from  bacteria, 
and  are  filtered  before  use.  It  is  very  convenient  to  keep 
a  little  of  the  dry  pigment  constantly  used,  in  this  way,  on  a 
little  filter  in  a  g-lass  funnel.  When  it  is  needed  a  small 
quantit}''  of  water  is  poured  over  it,  and  the  filtrate  is  collected, 
the  powder  soon  drying  again.  Dust  is  kept  from  it  by  cover- 
ing- the  funnel  with  a  hvy&r  of  filter-paper. 

When  it  is  not  exceptionally  necessary  to  avoid  every  trace 
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of  alcohol  in  the  staining  fluid  (as  is,  for  example,  the  case 
^^'hen  staining-  living  bacteria),  the  aqueous  solution  is  re- 
placed without  disadvantage  b^^  that  (No.  4)  made  b^^  adding  a 
suitable  quantity  of  the  saturated  alcoholic  solution  (No.  1)  to 
water.  This  diluted  alcoholic  solution  is  more  durable  than 
the  aqueous,  but  it  usually  requires  renewal  once  or  twice  a 
month,  so  that  it  is  best  to  prepare  it  when  needed,  b}''  adding 
five  to  six  drops  of  No.  1  to  a  watch-glass  fall  of  distilled  water. 

The  principal  mordants  used  are  0.01-per-cent  solution  of 
potash  (Koch,  Loefiler) ;  5-per-cent  carbolic  acid  (Ziehl) ;  and 
aniline-water  (No.  5),  a  concentrated  aqueous  solution  of  ani- 
line oil,  prepared  by  very  thoroughly  shaking  about  1  part  of 
aniline  oil  and  20  parts  of  distilled  water  in  a  test-tube,  allow- 
ing it  to  stand  five  minutes,  and  filtering  through  a  filter 
moistened  with  distilled  water.  (It  must  be  perfectly  free 
from  turbidity,  or  it  should  be  again  shaken,  and  refilter(»d.) 
The  staining  fluids  with  mordants  for  which  we  shall  find 
application,  are: 

(No.  6.)  Kuehne's  carbolic  blue.  1.5  parts  of  methj'lene 
blue,  and  10  parts  of  absolute  alcohol  are  triturated  lightly  in 
a  watch-glass  with  100  parts  of  5-per-cent  carbolic  acid  which 
is  added  little  by  little.  When  all  is  dissolved,  it  is  bottled. 
To  facilitate  rapid  preparation,  several  test-tubes  with  feet 
may  be  graduated  to  20,  22,  and  24.2  cc.  (c/.  Fig.  72). 

(No.  7.)  Ziehl's  carbolic  fuchsin.  1  part  of  fuchsin,  10  of 
alcohol,  and  100  of  5-per-cent  carbolic  acid. 

(No.  8.)  Aniline  methyl  violet  (Ehrlich-Weigert).  11  cc.  of  the 
saturated  alcoholic  solution  of  methyl  violet,  10  cc.  of  absolute 
alcohol,  and  100  cc.  of  aniline-water.  Or  the  dry  powder  may 
be  added  in  excess  to  aniline  water.  [In  Koch's  laboratory  it 
is  customary  to  add  the  stock  alcoholic  solution  (No.  1)  to  a 
watch-glass  of  aniline-water  until  the  latter  is  shown  to  be 
saturated  by  the  formation  of  a  film  at  top.] 

(No.  9.)  Aniline  gentian  violet  (Ehrlich).  5  cc.  of  the  satu- 
rated alcohohc  solution  of  gentian  violet,  to  100  cc.  of  aniline- 
water. 

(No.  10.)  Loeftler's  alkaline  blue.  30  cc.  of  the  saturated 
alcoholic  solution  of  methylene  blue  to  100  cc.  of  0.01-per-cent 
caustic-potash  solution. 

A  large  part  of  the  chemicals  enumerated  above  are  used 
for  washing  preparations  for  decolorization  or  differentiation. 
11—38 
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For  this  purpose,  water,  alcohol,  and  glycerin  (all  perfectly 
free  from  acid)  are  used,  as  well  as  clove-oil  and  aniline-oil, 
and  acids  and  salts  in  the  following  forms : 

(No.  11.)  Very  dilute  acetic  acid  (0.5  per  cent  to  1  per  cent). 

(No.  12.)  Very  dilute  hydrochloric  acid  (10  drops  of  the 
acid  tj  500  gm.  water). 

(No.  13.)  75  parts  of  water  containing  25  parts  of  nitric 
acid  (Ehrlich),  or  the  s.ame  quantity  of  hydrochloric  or  sul- 
phuric acid. 

(No.  14.)  Lithium  water  (Kuehne).  6  to  8  drops  of  a  con- 
centrated aqueous  solution  of  lithium  carbonate  and  10  gm. 
water.     For  neutralizing  an  acid  washing  fluid. 

(No.  15.)  Potassium  carbonate  solution  (Koch).  Equal 
parts  of  a  saturated  aqueous  solution,  and  water  (Koch) ;  or  2 
parts  of  a  2-per-cent  aqueous  solution,  and  1  part  of  absolute 
alcohol  (Malassez  and  Vignal). 

(No.  16.)  Gram  solution.  Iodine  1  part;  potassic  iodide,  3 
parts;  distilled  water,  300  parts. 

(No.  17.)  Alcohol,  60  parts;  water,  40  parts  (Koch).  For 
colored  wash-alcohol  (Kuehne),  see  p.  590. 

(No.  18.)  Aniline-oil  blue.  Kuehne  recommends  rubbing  as 
much  methj^lene  blue  as  can  be  raised  on  the  point  of  a  knife, 
with  10  gm.  clarified  aniline  oil,  and  allowing  the  excess  of  un- 
dissolved pigment  to  settle  in  a  bottle.  A.  few  drops  are  added 
to  aniline  oil  in  a  watch-glass,  until  the  desired  concentration 
is  reached. 

The  manner  of  using  these  staining  and  decolorizing  agents, 
as  well  as  the  others  for  hardening,  anhydrating,  clearing, 
mounting,  and  sealing  preparations,  receives  more  detailed 
consideration  under  the  several  methods  described  below. 

In  what  follows,  it  is  assumed  that  the  common  micro- 
scopic appliances  and  methods  are  understood.  Staining  is 
usually  effected  in  small  glass  trays  (Fig.  13),  "  individual  salt 
cellars"  or  watch-glasses.  Some  of  the  tra3^s  must  have 
ground  tops  so  that  thej^  can  be  tightly  sealed  with  a  glass 
plate  if  thcA^  are  to  kept  at  an  elevated  temperature  for  some 
time.'  Watch-glasses,  which  are  inconvenient  because  of  their 
lack  of  stability,  are  necessary  if  sections  are  to  be  stained  by 
heating  over  the  flame.  In  this  case,  they  are  conveniently 
placed  upon  the  stand  shown  in  Figure  72,  which  consists  sim- 
ply of  a  strip  of  sheet  tin  with  three  holes  having  a  somewhat 
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smaller  diameter  than  the  watch- g'lasses. 
useful  for  filtering-,  as  indicated  in  the  cut. 
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The  stand  is  also 


Staining  Bacteria  in  Fluids. 

A.  By  the  Simple  Addition  of  the  Staining  Fluid. — A  lit- 
tle drop  of  very  dilute  aqueous  solution  (No.  3)  of  fuchsin  or 
methyl  g-reen  (Mace)  is  placed  on  a  slide,  a  small  quantity  of 
the  culture,  etc.,  is  distributed  through  it  with  a  platinum 
needle,  and  a  cover-glass  applied.  The  staining-  fluid  must 
usually  be  so  dilute  that  it  appears  nearly  colorless  under  the 
microscope.     When  pure  and  extremely  dilute  aqueous  solu- 


FiG.  73.— Tin  Support  for  Funnels  and  Watch-glasses,  in  Staining  and  Filtering. 


tions  of  fuchsin  are  used,  the  bacteria  can  remain  alive  and 
continue  their  motions  after  staining  (Salomonsen). 

If  a  drop  of  the  culture  and  one  of  a  more  concentrated  stain- 
ing- fluid  than  in  the  last  case  are  placed  in  proximity  on  the 
slide  and  covered  with  a  single  cover-glass,  a  series  of  bacteria 
may  be  found  in  the  same  preparation,  showing  all  g-radations 
from  cells  that  are  unstained  to  others  strong-lj^  overstained. 

A  rapid  microscopic  view  of  a  large  number  of  crowded 
colonies  in  a  plate-culture  is  obtained  b3^  the  following  method : 
A  well-cleansed  cover-glass  is  laid  upon  the  g-elatin  over  the 
colonies  and  pressed  firmly  into  contact  with  it  everywhere, 
by  a  glass  rod  or  pair  of  forceps.  Fragments  of  the  super- 
ficial colonies  adhere  to  the  cover,  forming"  an  *'  impression- 
preparation"  of  the  culture,  so  that  when  it  is  removed  from 
the  g-elatin  and  lowered  on  to  a  drop  of  staining-  fluid  on  a 
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slide,  the  opportunity  is  given  to  see  small  samples  of  the  con- 
tents of  all  of  the  colonies  touched.  Any  of  these  preparations 
can  be  sealed  with  paraffin,  as  described  above. 

B.  Staining  Preparations  Dried  on  the  Cover  glass. — 
Weig-ert  was  the  first,  in  18T6,  to  recommend  an  aniline  color 
(method  violet)  for  staining-  bacteria.  Shortly  afterward,  with- 
out knowing  of  Weigert's  work,  I  introduced  fuchsin  as  par- 
ticularly good  for  staining  bacteria,  and  indicated  especially 
its  value  as  a  means  of  diagnosis  in  the  microscopic  analysis 
of  putrefying  blood.  By  the  introduction  of  the  basic  aniline 
colors,  the  demonstration  and  examination  of  bacteria  in  fluids 
was  greatly  facilitated ;  but  a  further  and  decisive  advance  in 
methods  was  made  in  1878,  when  Koch  showed  how  bacteria 
might  be  colored  after  drying  them  in  a  very  thin  layer  upon 
the  cover-glass,  which,  likewise,  rendered  possible  the  complex 
micro-chemical  treatment  of  free  bacteria  which  now  plays  so 
important  a  part.  The  great  advantages  of  this  method  have 
caused  it  to  be  almost  exclusively  used  in  all  chemical  examin- 
ations of  blood,  pus,  urine,  and  sputum;  consequently  the  mak- 
ing and  examining  stained  cover-glass  preparations  will  be 
sketched  in  detail  in  the  following  pages.  Obviously,  the  use 
of  such  preparations  does  not  render  superfluous  the  simple 
staining  already  described,  since  the  latter  completely  pre- 
serves the  form  and  turgescence  of  the  cells,  while  a  shrinking 
always  results  from  drj^ing  them. 

New  cover-glasses  are  carefully  washed  in  warm  water, 
dried,  and  treated  with  absolute  alcohol  for  the  removal  of  all 
grease.  Those  that  have  been  used  are  first  laid  in  strong 
mineral  acid  (hydrochloric  or  sulphuric),  then  washed  clear  in 
water  and  rinsed  until  ever}'  trace  of  acid  is  removed,  when 
the}^  are  treated  as  if  new. 

The  fluid  is  best  spread  in  a  thin  layer,  by  placing  a  small 
drop  on  a  cover-glass,  laying  another  cover  upon  it,  and  sepa- 
rating them  by  drawing  one  over  the  other,  in  which  way  two 
preparations  are  obtained.  It  is  also  possible  to  scrape  the 
fluid  in  as  thin  a  layer  as  possible  by  the  edge  of  a  second 
cover-glass.  The  covers  are  then  laid  to  dry  under  a  bell- 
glass,  with  the  smeared  side  up.  If  the  drying  is  to  be  accel- 
erated by  warming,  this  must  be  effected  at  a  very  low  tem- 
perature. The  air-drying  must  be  complete  before  the  next 
step  is  taken. 
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When  such  a  dried  preparation  of  blood,  pus,  sputum,  or 
other  fluid  which  contains  albumen,  is  at  once  stained,  two 
defects  are  sometimes  observed ;  sometimes  the  dried  film  sep- 
arates in  part  from  the  glass;  sometimes  the  presence  of  sol- 
uble albuminoids  causes  disturbing-  precipitates  in  the  prepa- 
ration. These  are  avoided  when  the  albuminoids  are  rendered 
insoluble  by  suitable  hardening.  The  second  defect  can  also  be 
avoided  \)j  using-  aniline  brown  (Bismarck  brown  or  vesuvin) 
in  g-h'cerin  (No.  2),  and  washing  in  pure  glycerin  (Koch). 
Absolute  alcohol  (Koch)  may  be  used  for  this  purpose,  the 
cover-glass  being  placed  in  it  for  some  time,  but  the  requisite 
time  varies  much  for  different  preparations.  Partly  for  this 
reason,  and  partly  because  of  its  slowness,  this  method  is  far 
inferior  to  that  of  Ehrlich,  by  heating  up  to  120°  to  130°  C.  for 
two  to  ten  minutes.  (In  a  protracted  exposure  to  this  tem- 
perature, e.g.,  for  an  hour,  as  in  Ehrlich's  studies  of  the  gran- 
ules of  the  white  blood-cells,  the  bacteria  have  been  found  to 
lose  their  power  of  staining.)  This  heating  may  be  effected 
in  the  sterilizing*  oven  (Fig.  1),  but  it  is  more  convenient  to 
follow  Koch  in  j)assing  the  cover  three  times  through  the 
flame  of  a  Bunsen  burner.  The  cover-glass  is  seized  with  the 
forceps  by  one  corner,  the  smeared  side  up,  and  passed  three 
times  through  a  vertical  circle  about  a  foot  in  diameter,  the 
clean  side  of  the  cover  being  brought  down  against  the  top  of 
the  flame  each  time.  The  best  rapidity  for  the  flammg,  upon 
which  success  depends,  is  reached  by  taking  about  three  sec- 
onds for  describing  the  three  circles. 

Of  the  various  ways  in  which  the  staining  fluid  and  the 
hardened  preparation  can  be  brought  together,  we  usually 
employ  that  of  allowing  the  cover-g-lass  to  float  upon  the  fluid, 
film  downward.  In  all  of  the  following-  manipulations,  care 
must  be  taken  to  remember  which  side  of  the  cover  bears  the 
bacteria,  for  when  the  film  is  very  thin  it  may  be  difficult  to 
distinguish  it.  Sometimes  it  may  be  recognized  by  scratching 
upon  the  cover  with  a  sharp  pin,  the  irregularities  of  the 
smeared  side  being  felt,  or  the  scratches  seen. 

The  smeared  and  dried  cover-g-lasses  can  be  kept,  with  or 
without  hardening,  for  an  indefinite  time  before  staining,  being 
simpl}'  laid  in  an  ordinary  cover-glass  box,  the  ditlerent  sets 
separated  by  labels  of  the  size  of  the  covers.  [For  clinical 
purposes,  it  is  convenient  to  use  a  small  oblong  box,  a  coviple 
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of  inches  long,  with  a  rack  inside  like  a  slide-box.  Twenty'  or 
more  clean  covers  are  easily  carried  in  such  a  box,  which  is 
small  enoug-h  to  be  slipped  into  the  vest  pocket  or  instrument- 
case,  so  that  they  are  always  ready  for  use  at  the  desk  or  bed- 
side.— W.  T.]  Two  opposite  corners  are  lifted  with  the  thumb 
and  forefing-er  of  the  right  hand,  the  cover  is  held  horizontal, 
and  allowed  to  fall  upon  the  fluid  from  a  height  of  several 
centimetres.  The  time  required  for  the  action  of  the  staining- 
fluid  varies  according  to  circumstances  from  a  few  minutes 
to  an  entire  day.  Long  staining  at  the  temperature  of  the 
air  can  often  be  replaced  by  a  shorter  staining  at  a  higher 
temperature  (Koch,  Loeffler),  e.g.,  No.  lY.,  p.  586,  infra. 
This  is  b^st  effected  by  setting  the  watch-glass  of  staining 
fluid  on  which  the  cover  floats,  upon  the  tin  stand  (Fig.  72), 
and  heating  it  with  a  small  flame  until  vapor  rises  freely  from 
the  surface.  The  lamp  is  then  removed  for  a  short  time,  after 
which  the  heating  is  renewed,  and  this  is  repeated  several 
times  for  a  few  minutes,  or  longer,  as  may  be  necessary. 
Sometimes  it  may  be  convenient  to  heat  the  fluid  until  it 
begins  to  boil,  e.g.,  in  No.  IV. 

When  the  staining,  or,  rather,  overstaining  of  the  prepara- 
tion is  finished,  the  latter  is  washed  (partly  decolorized  or 
"  differentiated  ").  This  is  efl'ected  according  to  circumstances 
by  the  use  of  one  or  other  of  the  fluids  enumerated  above  (c/. 
pp.  579  and  580),  which  is  then  removed  with  water  either  by 
rinsing  under  the  faucet  or  with  a  wash-bottle,  or  by  moving 
the  cover  back  and  forth  in  a  large  dish  of  distilled  water. 
Washing  out  the  excess  of  color  is  the  most  difficult  part  of 
staining,  because  no  rules  can  be  given  as  to  the  length  of 
time  it  ought  to  be  continued  in  each  case:  frequently  the 
right  time  is  only  learned  by  experiment.  When  it  has  been 
finished,  the  preparation  can  be  examined  at  once  in  distilled 
water  or  glycerin. 

It  should  also  be  observed  that  preparations  stained  with 
Bismarck  brown  or  vesuvin  (No.  2),  can  be  permanently 
mounted  in  glycerin,  while  this  substance  decolorizes  prepara- 
tions stained  with  the  other  aniline  colors.  On  the  other  hand, 
a  concentrated  solution  of  acetate  of  potassium  (1:2)  serves 
especially  well,  according  to  Koch,  for  the  preservation  of  bac- 
teria stained  with  violet  or  fuchsin,  and,  it  may  be  added,  of 
unstained  bacteria ;  but  it  should  not  be  used  for  those  stained 
brown. 


Bacteriological    Technology.  585 

If  the  preparation  is  to  be  permanently  mounted  in  balsam, 
it  is  next  dried,  by  carefully  wiping-  off  the  clean  side  of  the 
cover  with  a  piece  of  soft  linen,  and  holding"  it  obliquely  with 
one  edge  upon  a  piece  of  filter-paper,  so  that  as  much  water 
as  possible  will  flow  off  or  be  absorbed  by  the  paper.  Any 
large  drops  remaining*  on  the  film  are  carefully  removed  \Yith 
filter-paper,  and  the  cover  is  allowed  to  become  air-dry.  To 
liasten  the  dr3ing,  the  cover  may  be  pressed  between  folds  of 
filter-paper  (Ehrlich),  waved  back  and  forth  through  the  air, 
or  air  may  be  blown  over  it  by  means  of  a  rubber  bulb  fur- 
nished with  a  pointed  glass  tube  (Kuehne). 

The  dried  preparation  is  mounted  in  Canada  balsam.  It  is 
most  convenient  to  use  this  greatly  thinned  with  xylol,  and 
kept  at  hand  in  collapsible  tubes.  Turpentine  can  also  be  used 
for  this  purpose,  but  chloroform  [and  benzol]  are  to  be  avoided, 
as  they  remove  the  basic  aniline  colors.  Of  the  ethereal  oils, 
clove-oil  is  especiall^^  apt  to  decolorize  the  bacteria,  so  that 
sections  should  rather  be  cleared'with  turpentine,  oil  of  berga- 
mot,  or  cedar-oil.  A  drop  of  this  is  applied  to  the  middle  of 
the  slide,  and  the  cover  inverted  upon  this,  spreading-  it  in  a 
thin  layer  by  its  weight.  Further  treatment  is  unnecessary, 
but  as  it  requires  a  long-  time  for  the  xylol-balsam  to  harden 
sufficiently  to  fix  the  cover  immovably,  it  is  convenient  to  seal 
the  preparation  by  means  of  a  filtered  alcoholic  solution  of 
shellac,  which  may  be  g-iven  a  handsome  g-reen  color  by  the 
addition  of  a  little  methyl  green.  Several  layers  of  this 
cement  are  painted  around  the  edge  of  the  cover. 

In  the  preliminary  examination  of  a  fluid  containing-  bac- 
teria, a  less  complicated  method  is  used.  After  drying  and 
flaming  the  cover-glass  prej)aration,  it  is  stained  b^y  a  diluted 
alcoholic  solution  (No.  3)  of  methylene  blue  or  fuchsin,  rinsed 
with  water,  and  examined  at  once  in  water,  or,  after  drying", 
in  cedar-oil  (c/.  No.  1). 

Methods  of  Staining  Cover-Glass  Preparations. 

(I.)  Koch's  Original  Method  (18T8).— The  dried  film  is 
stained  for  a  few  seconds,  or  a  little  longer,  with  a  solution 
of  metl\yl  violet  or  fuchsin  (a  few  drops  of  the  saturated  alco- 
holic solution  to  15  to  20  cc.  water),  washed  with  water  or 
acetate  of  potassium  (1 :  10),  dried,  and  mounted  in  balsam ; 
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or  it  is  stained  with  vesuvin  dissolved  in  equal  parts  of  gly- 
cerin and  water,  and  Avashed  and  mounted  in  g'l3'cerin. 

(II.)  Kue hue's  Methylene- Blue  Method. — The  film,  after 
drying-  and  flaming,  is  stained  for  five  minutes  in  carbolic  blue 
(No.  6),  rinsed  in  water,  differentiated  by  laying  in  dilute  hy- 
drochloric acid  (No.  12)  for  a  few  seconds  or  a  little  longer 
according  to  the  thickness  of  the  film,  rinsed  a  moment  in 
lithium-water  (No.  14),  washed  under  the  water-jet  for  fifteen 
seconds,  dried — if  necessary  by  use  of  the  bulb  —  slightly 
warmed  over  the  flame,  cleared  in  xylol,  and  mounted  in 
balsam. 

(III.)  Gram's  Method. — The  flamed  film  is  treated  for  one 
to  three  minutes  with  aniline  gentian  violet  (No.  9),  laid  in  the 
iodine  solution  (No.  16)  for  an  equal  time,  washed  in  alcohol 
till  it  appears  completely  decolorized,  dried,  and  mounted  in 
balsam. 

(IV.)  Koch-Ehrlich-Weigert  Tubercle  3Iethod.— The  dried 
and  flamed  film  is  heated  in  a  watch-glass  of  Weigert's  ani- 
line methyl  violet  (No.  8)  until  bubbles  begin  to  form  beneath 
the  cover-glass,  when  it  is  allowed  to  stand  five  minutes,  de- 
colorized in  a  tray  of  25-per-cent  nitric  acid,  in  which  it  is 
moved  back  and  forth  for  at  most  five  seconds,  immediately 
rinsed  in  60-per-cent  alcohol  (No.  17)  until  the  blue  color  dis- 
appears (usually  not  over  one  or  two  seconds),  counter-stained 
for  five  minutes  in  a  saturated  aqueous  solution  of  vesuvin, 
rinsed  in  water,  dried,  and  mounted  in  balsam. 

(V.)  Ziehl-Neelsen  Tubercle  Method. — The  flamed  film  is 
floated  on  a  watch-glass  of  carbolic  fuchsin  (No.  7)  three  to 
eight  minutes  (with  heat),  decolorized  in  25-per-cent  nitric  or 
sulphuric  acid,  treated  with  60-per-cent  alcohol  until  only  a 
ros3^  tint  remains,  the  acid  then  being  completely  washed  out 
in  a  large  quantity  of  water,  dried,  and  mounted  in  Canada 
balsam,  with  or  without  previous  clearing  in  xylol. 

[For  rapidly  staining  the  hardened  sputum  film,  the  fol- 
lowing commonly-used  method  leaves  little  to  be  desired :  The 
cover-glass  is  held  in  the  forceps  by  one  corner,  fllm  up,  a  large 
drop  of  carbolic  fuchsin  is  placed  on  it  so  as  to  entirely  cover 
the  upper  side,  and  it  is  heated  directly  over  the  flame  until 
it  steams  fully  or  even  boils,  care  being  taken  not  to  let  any 
part  become  dry.  If  necessar}^  a  second  drop  of  the  staining 
fluid  is  added  as  the  first  evaporates,  and  the  heating  is  con- 
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tinned  for,  perhaps,  half  a  minute.  After  rinsing  most  of  the 
staining-  fluid  off  under  the  faucet,  the  cover  is  dropped  into 
very  dilute  nitric  acid  until  the  red  color  changes  to  a  dull 
olive,  or  beg-ins  to  disappear  entirely  (which  usually  requires 
verj^  few  seconds),  after  which  it  is  at  once  moved  about  in  a 
dish  containing-  a  considerable  quantit3^  of  alcohol  until  the 
dj'e,  which  has  resumed  its  original  red  color,  ceases  to  be 
g-iven  off  in  clouds.  If  the  film  still  retains  any  noticeable 
color,  it  is  dipped  into  the  acid  once  more  and  ag-ain  washed  in 
alcohol,  after  which  it  is  counter  stained  with  methylene  blue, 
rinsed  in  water,  and  may  be  at  once  examined,  or  dried  and 
mounted  in  balsam.  By  this  method,  a  good  permanent  prep- 
aration may  be  had  under  the  microscope  within  five  minutes 
of  the  time  when  the  needle  is  first  dipped  into  the  sputum  for 
the  transfer  of  a  little  to  the  cover-g-lass. 

While  there  are  some  advantages  in  floating  cover-glass 
preparations  upon  the  staining  fluid,  as  the  author  recom- 
mends, it  is  more  common  to  keep  dilute  alcoholic  solutions 
(No.  4)  of  methylene  blue,  gentian  violet,  and  fuchsin,  as  well 
as  the  standard  alkaline  blue  (No.  10)  and  carbolic  fuchsin 
(No.  7)  in  3  oz.  wide-mouthed  bottles  closed  with  bored  corks 
through  which  dropping-tubes  pass  into  the  middle  of  the  bot- 
tle, so  that  a  drop  of  the  desired  staining-fluid  may  easily  be 
allowed  to  fall  upon  the  hardened  film,  heat  being  applied 
when  necessar^^  by  holding  the  cover  above  a  Bunsen  burner 
until  steam  begins  to  rise. — W.  T.] 

Staining  Spores  on  the  Cover-glass. — When  bacilli  which 
contain  spores  are  stained  by  the  above  methods,  the  spores 
remain  uncolored,  so  that  they  appear  as  colorless  spots  within 
the  strongly  colored  rods.  This  indisposition  of  the  spores  to 
receive  coloring  matters  can  be  overcome  in  various  ways, 
and  it  was  simultaneously  shown  bj'  Buchner  and  Hueppe 
that  a  prolonged  exposure  to  heat,  which  even  unfits  the  veg- 
etative cells  of  bacteria  for  staining  (c/.  p.  583,  Ehrlich),  ex- 
actly adapts  the  spores  to  the  reception  of  basic  aniline  colors 
in  aqueous  or  dilute  alcoholic  solutions. 

("VI.)  If,  instead  of  passing  the  cover-glass  through  the 
flame  three  times  to  harden  it  (p.  583),  it  is  flamed  ten  times, 
or  heated  flfteen  to  twenty  minutes  at  120°  to  180°  C,  and 
then  stained  with  an  aqueous  solution  of  one  of  the  usual  basic 
colors,  the  spores  become  deeply  stained;   but  the  staining  of 
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the  spores  is  isolated,  because,  as  has  been  said,  the  rods  have 
lost  their  receptivity  for  the  dye. 

There  is,  however,  a  means  of  obtaining-  double-stained 
preparations,  in  which  the  spores  take  one  color,  the  rods, 
another:  namely,  by  an  extremely  intense  application  of  the 
Ehrlich  tubercle  method. 

(VII.)  The  cover-g-lass  film  is  hardened  in  the  flame  as 
usual  (three  times),  stained  for  an  hour  floating-  on  hot  aniline 
fuchsin  (p.  583),  rinsed  in  water,  decolorized  in  25  parts  hydro- 
chloric acid  and  75  of  alcohol,  and  counter-stained  in  a  satu- 
rated aqueous  solution  of  methylene  blue. 

There  is  a  great  difference  in  the  readiness  with  which  the 
spores  of  .different  bacilli  may  be  stained.  \B.  Megatherium 
and  B.  suhtilis  are  g-ood  species  to  practise  with,  B.  anthra- 
cis  is  among  the  more  difficult.  The  endospores  of  yeasts 
may  be  stained  hj  the  same  methods,  decolorization  being- 
here  effected  hy  alcohol  without  the  addition  of  an  acid. 
Ziehl's  carbolic  fuchsin,  heated  upon  the  cover,  as  in  tubercle 
staining-,  gives  excellent  results,  but  it  must  be  renewed  sev- 
eral times  and  the  boiling-  correspondingly  prolong-ed. — W.  T.] 

Staining  the  Flagella  of  Bacteria. 

In  the  case  of  certain  larg-e  bacteria,  e.g.,  the  forms  of  Beg- 
giatoa  roseo-persinica  first  thoroughly  studied  by  Warming, 
— the  flagella  can  be  seen  by  aid  of  a  good  objective  without 
any  preparation  whatever.  In  the  case  of  smaller  forms,  they 
can  only  be  demonstrated  by  staining  them,  or  even  by  means 
of  staining  and  photography ;  but  none  of  the  methods  so  far 
indicated  are  applicable  to  this  purpose.  Koch,  however,  suc- 
ceeded in  demonstrating  them  by  the  use  of  a  saturated  aque- 
ous solution  of  extract  of  logwood,  added  to  the  fluid  contain- 
ing the  bacteria.  His  permanent  preparations  were  made  as 
follows : 

(VIII.)  The  bacteria  are  dried  on  the  cover-glass,  stained 
with  an  aqueous  solution  of  logwood,  laid  in  dilute  chromic 
acid  (which  forms  a  dark  brown  combination  with  the  dye), 
dried,  and  mounted  in  balsam. 

Neuhaus  advises  the  replacement  of  chromic  acid  by  neu- 
tral sodium  bichromate,  prepared  b}^  adding-  5-per-cent  soda 
solution  drop  by  drop  to  dilute  chromic  acid.     He  recommends 
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the   following'  as   the  most   certain   means   of    staining-  the 
flagella : 

(IX.)  The  cover-glass  preparation  is  boiled  for  five  minutes 
upon  black  log-vvood  ink  ("  Kaisertinte "),  from  which  it  is 
placed  for  fifteen  minutes  in  dilute  neutral  bichromate  of 
sodium,  this  being  repeated  several  times. 

Staining  Bacteeia  ix  Sections. 

When  it  is  only  necessary  to  demonstrate  the  presence  of 
bacteria  in  the  various  organs,  it  often  suffices  to  make  cover- 
g"lass  preparations  by  rubbing  on  it  a  little  of  the  juices  from 
a  fresh  cut  surface;  but  a  more  exact  examination  of  the 
number  of  bacteria,  and  of  their  distribution  in  the  tissues, 
can  be  made  only  by  means  of  sections.  Before  Weigert  pro- 
vided methods  of  staining"  bacteria  in  situ,  no  means  of  dem- 
onstrating them  existed,  except  by  the  use  of  acids  and  alka- 
lies, to  which  they  show  great  resistance. 

(X.)  When  a  fresh  section,  or  one  hardened  in  alcohol,  is 
treated  with  strong  acetic  acid  or  dilute  (2  per  cent)  solution 
of  caustic  potash  or  soda,  it  becomes  almost  transparent,  only 
the  bacteria  resisting*  the  acid  or  alkali,  and  so  becoming  evi- 
dent, especially  when  collected  in  masses  in  or  without  the 
vessels;  hence  such  nests  of  cocci  were  seen  and  described 
long-  before  their  nature  was  known,  e.g.,  by  Beckmann,  in  the 
vessels  of  the  kidney.  Later,  the  potash  method  came  to  play 
an  important  part  in  the  study  of  pyeemia  earl^^  in  the  seven- 
ties, e.g.,  in  the  work  of  Hj.  Heiberg;  and  quite  recently  it  has 
been  used  in  isolated  cases.  It  is  thus  used  to  render  collec- 
tions of  typhoid  bacilli  evident  in  the  tissues ;  and,  even  before 
knowing-  of  Koch's  investigations  Baumgarten  had  seen 
tubercle  bacilli  by  the  use  of  the  potash  method.  Still,  in  gen- 
eral, this  has  lost  its  importance  since  the  introduction  of 
staining"  methods. 

One  condition  of  a  good  staining*  of  sections  is  their  being- 
well  and  completely  hardened.  The  organs  are  cut  into  small 
pieces  and  hardened  in  a  large  quantity  of  absolute  alcohol. 

[If  the  bottle  in  which  the  pieces  are  to  be  hardened  is 
filled  half  full  of  loose  cotton,  so  that  the  tissues  are  kept  near 
the  top  of  the  alcohol,  the  portion  of  this  which  becomes  more 
charged  with  water  tends  to  sink  to  the  bottom  because  of  its 
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greater  specific  gravity,  and  it  has  been  claimed  that  in  such 
cases  more  thorough  hardening  is  effected. — W.  T.] 

As  thin  sections  as  possible  are  cut  from  the  well-hardened 
tissues  hy  the  use  of  a  razor  or  microtome. 

[In  Koch's  laboratory  it  is  now  customary  to  use  a  drop  of 
melted  g-lycerin -jelly  for  attaching  the  organ  to  a  cork,  by 
means  of  which  it  clamped  in  a  Schauze  or  other  sledge- 
microtome,  without  any  sort  of  imbedding.  If  perfectly  hard- 
ened material  is  used,  fairly  good  sections  are  obtained  in  this 
way,  the  sectioning*  of  course  being  done  under  alcohol;  and 
there  is  no  danger  of  the  proper  staining  of  the  bacteria  being" 
interfered  with.  But  in  many  cases,  where  the  organs  to  be 
sectioned  are  rather  large,  brittle,  etc.,  and  the  bacteria  will 
not  be  injured  by  the  preparatory  treatment,  the  tissue  may 
be  imbedded  in  celloidin  for  sectioning-  in  the  usual  way  under 
alcohol;  or  it  ma^^  be  impreg-nated  with  paraffin  melting  at 
about  50°  C,  and  imbedded  in  this  for  sectioning  dry — prefer- 
ably with  some  form  of  rocking--microtome.  In  the  latter 
case,  if  the  organ  is  small,  ribbon  sections  may  be  obtained 
and  stained  on  the  slide,  in  the  way  so  generally  employed 
now  by  histologists,  and  especially  embryologists;  or  the  par- 
affin may  be  removed  by  placing-  the  sections  in  turpentine 
for  a  few  moments,  and  afterward  in  alcohol,  after  which  they 
are  stained  individuall3^  as  if  cut  without  imbedding. — W.  T.] 

The  staining-  of  sections  is  essentially  the  same  as  staining' 
cover-glass  preparations;  but  it  must  be  observed  that  as  a 
rule  they  require  a  long-er  treatment  with  the  staining-fluid, 
are  less  tolerant  of  heating-  in  the  latter,  and  require  more 
powerful  decolorizing-  media  for  differentiating-  the  bacteria, 
while  anhydration  before  they  can  be  mounted  in  balsam  is 
rarely  effected  by  drying,  but  by  the  use  of  alcohol  or  anilin 
oil  (Weigert).  To  prevent  these  fluids  from  at  the  same  time 
partly  decolorizing-  the  preparation,  Kuehne  has  recently 
adopted  the  plan  of  anhydrating-  with  a  fluid  tinged  with  the 
same  dye  used  in  staining  the  bacteria  (No.  XIII. ). 

Kuehne  advises  spreading-  differentiated  sections  of  g-landers 
material  upon  the  cover-glass,  blowing'  them  dry  (c/.  p.  585), 
lajang-  the  cover-glass  (with  the  section  upward)  upon  a  g-lass 
plate,  where  it  is  slightly  warmed,  not  to  exceed  30°  C,  over 
a  spirit  lamp,  until  the  section  becomes  transparent,  when, 
after  Ijang-  on  the  warm  plate  for  flve  minutes,  it  is  cleared 
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with  ethereal  oil  and  passed  through  xylol  into  balsam  [so 
that  the  use  of  alcohol  is  entirely  avoided  because  of  its 
marked  decolorizing-  action  on  the  bacteria]. 

For  the  microscopic  examination  of  sections  which  contain 
stained  bacteria,  a  sub-stage  condenser  is  used.  The  Abbe 
condenser  is  the  most  perfect  of  the  various  models  in  use, 
but  the  cheaper  Dujardin  and  similar  condensers,  which  are 
readil^^  used  on  smaller  stands  in  place  of  the  well-diaphragm, 
are  entirely  satisfactor3\ 

Koch  first  called  attention  to  the  importance  of  the  con- 
denser in  bacteriological  microscopy.  Bj^  means  of  this  in- 
strument, as  he  expresses  it,  it  is  possible  to  efface  the  "  struc- 
ture image  "  and  so  to  get  rid  of  its  disturbing  and  concealing 
influence  on  the  "color  image."  By  the  former  name  he 
designates  the  image  of  lines  and  shadows  which  reveals  to  us 
the  structure  of  the  tissue,  and  which  results  from  diffraction 
of  the  rays  of  light  during  their  passage  through  the  prepara- 
tion, different  parts  of  which  (nuclei,  fibres,  etc.)  ditfer  in  re- 
fractive power  from  the  substratum  in  which  they  lie  By  the 
"  color  image/'  he  refers  to  the  image  of  colored  parts,  which, 
if  very  small,  may  be  completely  concealed  by  the  lines  and 
shadows  of  the  structure  image.  By  the  use  of  an  Abbe  or 
similar  condenser  [with  full  opening],  the  preparation  is  illu- 
minated with  so  broad  a  cone  of  light  that  the  tissue  appears 
as  a  structureless  plane,  on  which  the  colored  parts,  large  and 
small,  stand  out  sharply.  It  is  easy  to  convince  one's  self  of  the 
great  advantag'e  of  using  such  a  condenser,  for  a  section  which 
is  full  of  stained  bacilli  of  mouse  septicaemia,  may  appear  free 
from  bacteria  when  examined  with  ordinary  illumination  with 
the  concave  mirror  and  diaphragm,  while  the  condenser  re- 
solves a  mass  of  colored  rods  within  it. 

What  is  here  said  of  the  examination  of  stained  bacteria  m 
sections,  is  also  true  of  cover-glass  preparations,  in  which  the 
bacteria  frequently  occur  upon  or  within  elements  the  struc- 
ture imag'es  of  which  mask  them.  On  the  other  hand,  it  must 
be  remembered  that  the  examination  of  unstained  bacteria 
should  always  be  made  without  a  condenser;  with  the  finest 
diaphragm  which  gives  sufficient  illumination;  or,  Avhat 
amounts  to  the  same  thing,  with  the  condenser  lowered  as  far 
as  possible. 
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Methods  of  Staining  Sections. 

Several  of  the  numbered  methods  which  follow  have  already 
been  described  for  cover-glass  preparations,  but  are  repeated 
here  with  the  changes  necessar^^  for  sections. 

(XI.)  Weigert's  Original  Method  (1876). — The  section  is 
laid  for  a  rather  long  time  in  a  quite  strong-  solution  of 
methyl  violet,  washed  out  in  dilute  acetic  acid,  anhydrated  in 
alcohol,  cleared  in  oil  of  cloves,  and  mounted  in  balsam. 

Weigert's  improved  method  (1881)  employs  an  aqueous  1- 
per-cent  solution  of  gentian  violet,  BR.,  from  which  the  sec- 
tion goes  to  absolute  alcohol,  clove  oil,  and  balsam.  (Weigert 
recommended  gentian  violet,  BR.,  especially  because  it  is  not 
so  easily  removed  from  the  bacteria  when  the  section  is  treated 
with  alcohol  and  clove  oil.) 

(XII.)  Loefflers  Potash  Blue  Method. — The  sections  are 
placed  for  a  few  minutes  in  alkaline  methjdene  blue  (No.  10), 
differentiated  for  some  seconds  in  0.5-per-cent  acetic  acid,  an- 
hydrated in  alcohol,  cleared  with  cedar-oil,  and  mounted  in 
balsam. 

(XIII.)  Kuehne  Universal  Method.^ — The  section  is  laid  in 
carbolic  methylene  blue  (No.  6),  as  a  general  thing  for  half  an 
hour  (but  for  leprosy,  two  hours),  rinsed  with  distilled  water, 
treated  with  dilute  hydrochloric  acid  (No.  12)  until  the  color 
is  pale  blue,  rinsed  in  lithium-water  (No.  14),  laid  in  distilled 
water  for  some  minutes,  dipped  for  anhydration  into  absolute 
alcohol  (which  may  be  colored  with  methylene  blue,  p.  590), 
before  it  goes  into  a  salt-cellar  of  aniline-oil  colored  with 
methylene  blue,  where  in  a  few"  moments  it  becomes  anhy- 
drated without  being-  decolorized,  then  rinsed  in  pure  aniline 
oil,  cleared  in  turpentine,  and  when  all  aniline  oil  has  been 
carefully  removed  by  treatment  with  xylol,  usually  renewed 
once,  it  is  mounted  in  balsam.  When  the  aniline  oil  is  not 
completely  removed,  the  balsam  becomes  brown  with  time. 

The  differentiation  in  hydrochloric  acid  is  the  most  difficult 
point  in  the  process.  Thin  sections  need  only  be  dipped  into 
it;  and  in  any  case  a  sharp  watch  must  be  kept  upon  the  de- 
gree to  which  decolorization  has  progressed,  so  that  the  sec- 
tion may  be  rinsed  in  lithium  water  at  once  when  the  right 
shade  is  reached. 
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(XIV.)  Koch's  Isolated  Staining  Method. — After  staining- 
in  an  aqueous  solution  of  fuclisin,  methyl  violet,  or  methylene 
blue,  the  sections  are  washed  out  in  a  half  saturated  solution 
of  carbonate  of  potassium  (No.  15  a),  then  passed  through 
alcohol,  xylol,  and  balsam.  Weig-ert  was  the  first  to  undertake 
an  isolated  staining-  of  bacteria  in  tissues,  since  by  the  use  of 
carmine,  followed  by  washing-  in  glycerin  acidulated  with  hy- 
drochloric acid,  he  stained  clusters  of  micrococci  in  18T1. 

Malassez  and  Vignal,  after  staining-  in  methylene  blue, 
wash  in  No.  15  h,  etc. 

(XV.)  The  Gram  Method. — The  sections  are  transferred 
directly  from  absolute  alcohol  into  aniline  g-entian  violet,  and 
treated  like  cover-g-lass  preparations  (No.  III.)?  except  that 
they  are  anhydrated  in  absolute  alcohol  and  cleared  in  cedar- 
oil  preparatory  to  being  mounted  in  balsam.  For  Weig-ert's 
modification  of  the  method,  see  No.  XIX.,  infra. 

When  sections  stained  by  this  method  are  also  treated  with 
a  nuclear  stain  like  carmine,  a  verj^  pretty  double  staining-  is 
obtained.  Fraenkel  recommends  the  following-  method,  which 
is  also  thoug-ht  to  more  frequentlj^  escape  the  troublesome 
g-ranular  precipitates  which  now  and  then  appear  in  the  prep- 
aration when  the  original  Gram  method  is  used. 

(XVI.)  The  sections  are  transferred  from  alcohol  to  strong 
picro-carmine,  where  they  remain  half  an  hour,  are  rinsed  in 
50-per-cent  alcohol,  then  go  for  half  an  hour  into  unsaturated 
aniline  gentian  violet — prepared  by  dropping  a  few  drops  of 
the  saturated  alcohohc  solution  (No.  1)  into  a  watch-glass 
containing  aniline  water  (No.  5)  until  the  mixture  begins  to  be 
opaque — from  which  they  are  placed  directly  in  the  iodine 
water  for  three  minutes,  then  into  alcohol,  w^here  the  red  color 
reappears  and  they  become  anhydrated,  when  they  go  through 
cedar-oil  into  balsam. 

(XVII.)  Koch- Wirlich-Weig erf s  Tubercle  3Iethod.— The 
sections  are  laid  in  aniline  gentian  violet  (No.  9)  for  twelve 
hours,  moved  about  for  a  few  seconds  in  -^S-per-cent  nitric  acid, 
rinsed  in  60-per-cent  alcohol  until  they  show  only  a  slight  blue 
color,  counter-stained  for  some  minutes  in  a  saturated  aqueous 
solution  of  vesuvin,  rinsed  in  GO-per-cent  alcohol,  anhydrated 
in  absolute  alcohol,  cleared  with  cedar-oil,  and  mounted  in 
xylol  balsiim. 

The  tubercle  bacilli  are  also  stained  by  Kuehne's  method 
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(XIII.)  and  the  Gram  method,  but  where  a  differential  diag-- 
nosis  is  required  decolorization  must  be  effected  by  strong- 
mineral  acids  {e.g.,  as  in  Nos.  XVIL  and  XVIII.) ;  for  it  is  its 
resistance  to  decolorization  by  mineral  acids  which  distin- 
guishes the  tubercle  bacillus  from  all  other  known  species  ex- 
cept the  bacillus  of  leprosy,  which,  however,  differs  from  it  in 
staining"  readily  with  a  simple  aqueous  solution  of  methyl 
violet  or  fuchsin.  The  so-called  smegma-bacilli  also  show  a 
decided  power  to  resist  the  action  of  mineral  acids,  but  they 
are  readily  decolorized  by  subsequent  treatment  with  alcohol, 
which  is  not  the  case  with  either  the  tubercle  or  leprosy  bacil- 
lus. The  smegma-bacilli  are  probably  only  different  species  of 
putrefactive  bacteria  which,  from  growing  in  the  smegma, 
have  become  so  impregnated  with  oily  matters  that  they  have 
become  difficult  to  stain.  This  view  is  supported  by  the  fact 
that  it  has  proved  possible  to  change  the  behavior  of  other 
species  toward  staining  methods,  b^^  growing  them  in  sub- 
stances containing  butter,  etc.  (Bienstock).  On  the  other 
hand,  the  diagnosis  of  smegma-bacilli  may  be  attended  with 
some  difficulty  as  compared  with  Lustgarten's  syphilis  bacil- 
lus, the  etiological  relation  of  which  to  the  disease  is  still 
very  problematical,  although  it  has  been  demonstrated  in 
syphilitic  secretions  and  neoplastic  growths.  Like  the  syphilis 
bacillus,  after  being  stained  on  the  cover-glass  for  twenty -four 
hours  in  aniline  gentian  violet,  they  remain  colored  after  treat- 
ment for  ten  seconds  with  1.5-per-cent  solution  of  potassium 
permanganate,  followed  bj^  sufficient  washing  in  sulphurous- 
acid  water  to  entirely  decolorize  the  preparation.  The  syph- 
ilis bacillus  cannot  be  confounded  with  that  of  tubercle,  be- 
cause it  is  very  easily  decolorized  by  mineral  acids. 

(XVIII.)  Ziehl-Neelsen  Tubercle  Method. — Sections  are 
more  rapidly  stained  by  laying  them  for  fifteen  minutes  in 
carbolic  fuchsin  (No.  T),  agitating  them  a  few  seconds  in  25-per- 
cent sulphuric  or  nitric  acid,  rinsing  in  60-per-cent  alcohol 
until  only  a  light  rosy  color  remains,  counter-staining  for  some 
minutes  in  a  saturated  aqueous  solution  of  methylene  blue,  and 
rinsing,  anhydrating,  and  mounting  as  before. 

For  staining*  bacteria  in  sections  of  hardened  gelatin-cul- 
tures, see  Neisser,  "  Centralbl.  f.  Bakteriologie,"  1888,  III.,  506. 
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Moulds. 

The  following  notes  on  mounting  moulds  refer  chiefly  to 
the  directions  of  O.  Johan-Olsen. 

Temporary  preparations  are  obtained  by  laying  the  mould 
for  a  few  minutes  in  dilute  alcohol,  then  in  weak  ammonia, 
which  is  removed  with  filter-paper,  the  surplus  washed  out 
with  water,  and  this  replaced  by  glycerin,  in  which  the  exam- 
ination is  made. 

Permanent  preparations  are  made  in  the  same  manner, 
after  staining"  the  material  in  osmic  acid,  which  is  kept  for  use 
in  a  0.5-per-cent  solution  in  a  dropping -bottle  that  has  been 
well  cleansed  with  alcohol  and  ether  and  is  stopped,  with  glass. 
Two  drops  of  this  are  added  to  eight  drops  of  water  in  a 
watch-g'lass  {i.e.,  about  0.1  per  cent),  in  which  the  mould  is 
allowed  to  lie  for  an  entire  daj^;  or,  if  the  0.5-per-cent  solution 
is  used,  directly,  a  few  minutes  suffice.  The  preparation  is 
then  washed  with  alcohol,  followed  by  distilled,  water.  If  it  is 
still  too  black,  it  is  decolorized  sufficiently  in  weak  ammonia, 
followed  by  water,  and  mounted  in  glj^cerin.  Preparations 
stained  with  osmic  acid  may  also  be  further  stained  by  saffra- 
nin,  usually  a  xery  dilute  solution,  in  which  they  are  allowed 
to  remain  for  a  long  time. 

Preparations  of  an  entire  culture  can  be  made  upon  the 
slide.  Usually  the  cultures  are  obtained  from  fluid  media 
{e.g.,  Brefeld's  slide-cultures,  supra,  p.  539),  and  those  which 
are  not  too  far  advanced  are  chosen.  The  colony  being  placed 
on  a  slide,  a  cover-glass  is  let  down  upon  it  carefully — esi^e- 
cially  in  case  of  the  erect  forms — and  it  is  allowed  to  dry 
down  so  that  the  cover-glass  does  not  move  around  (usuallj'' 
only  a  few  minutes  being  needed),  when  O.l-per-cent  osmic  acid 
is  added  at  one  side  and  drawn  under  by  applying  bibulous 
paper  to  the  other  edge  of  the  cover.  After  a  proper  time 
the  acid  is  thoroughly  washed  out  with  water  that  is  drawn 
under  the  cover  in  the  same  way,  and,  either  with  or  without 
saffranin  staining,  mounted  by  drawing-  gh^cerin  under  and 
sealing  in  the  usual  way;  or  else  dilute  alcohol  is  used  instead 
of  the  osmic  acid,  and  followed  by  ammonia,  etc.,  as  indicated 
above  for  temporary  preparations. 

For  demonstrating  moulds  in  sections,  Hueppe  recommends 
11—39 
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the  methylene  blue  universal  method  (Nos.  XII.  and  XIII.). 
Ribbert  advises  the  following"  modification  of  the  Gram 
method : 

(XIX.)  Weigert's  Fibrin  Stain. — The  section  hardened  in 
alcohol  is  stained  for  a  long-  time  in  saturated  aniline  gentian 
violet  (No.  9),  rinsed  in  0.7-per-cent  solution  of  table  salt,  and 
transferred  to  the  slide,  where  the  other  steps  are  taken.  The 
superfluous  water  is  removed  with  filter-paper,  iodine  water 
(Xo.  16)  is  dropped  upon  it  and  removed  with  filter  paper,  and 
a  couple  of  drops  of  aniline  oil  allowed  to  fall  upon  the  section 
for  the  purpose  of  at  once  decolorizing  and  anhydrating  it. 

As  the  aniline  oil  soon  becomes  dark,  it  must  be  removed 
and  replaced  by  fresh  oil  once  or  twice,  after  which  it  is  en- 
tirely replaced  by  xj^lol  and  the  section  mounted  in  balsam. 

Actinomyces. 

When  it  is  only  desired  to  obtain  a  sure  diagnosis  of  Acti- 
nomyces cushions  in  pus  or  sections,  treatment  with  acetic 
acid  or  alkalies  and  examination  in  glycerin  suffices.  For 
staining  cover-glass  preparations,  Fraenkel  employs  the  Gram 
method,  letting  the  section  stQ.y  in  aniline  gentian  violet  for 
twenty-four  hours,  and  in  the  iodine  solution  for  fifteen  min- 
utes. The  Weigert-Gram  method  (No.  XIX.)  appears  suited 
to  staining  sections  for  Actinomyces. 

Amceboids. 

The  amoebce  or  amoeboid  organism  detected  by  LaA-eran 
and  subsequenth'  more  fully  studied  by  Marchiafava  and  Celli, 
Golgi,  Osier,  and  others,  and  held  to  be  the  cause  of  malaria, 
are  not  adapted  to  staining  by  any  of  the  above  methods.  It 
is,  indeed,  possible,  when  cover-glass  preparations  of  the  blood 
are  treated  with  methj^lene  blue  or  vesuvin,  to  find  within  the 
red  corpuscles  larger  or  smaller  irregular  spots,  colored  blue 
or  brown  (Marchiafava  and  Celli).  These  are  the  stained 
amoebce;  but  a  clear  view  of  all  the  developmental  forms  of 
the  parasite  is  obtained  only  bA'  examination  of  the  fresh 
blood.  Laveran  gives  the  following  directions  for  this:  The 
amoebae  are  most  easily  found  in  patients  already'  anemic,  and 
who  have  not  taken  quinine,  at  any  rate  just  before  the  exam- 
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ination.  The  blood  is  obtained  just  before,  or  :n  the  beg-inning- 
of  an  attack,  by  a  needle  puncture  in  the  finger-tip  or  lobe  of 
the  ear,  after  careful  cleansing*  with  water  and  alcohol.  The 
surface  of  the  drop  which  exudes  is  touched  with  a  well- 
cleaned  slide,  and  the  small  drop  of  blood  which  adheres  is 
quicKly  covered  with  a  cover-glass,  and  sealed  with  paraffin 
when  the  layer  of  blood  is  thin  enough  for  examination.  An 
enlarg-ement  of  400  to  500  diameters  is  sufficient  for  the  inves- 
tigation, places  being  chosen  where  the  red  corpuscles  lie  flat 
and  isolated.  Few  parasites  are  usually  to  be  seen,  rarely  as 
man}^  as  eight  to  fifteen  in  the  same  field,  so  that  one  must  be 
prepared  to  spend  some  time  in  searching-  for  them.  The  pig- 
ment g-ranules  that  occur  in  most  of  the  amoebae  give  a  clue 
in  the  search.  Richard  recommends  the  addition  of  a  drop  of 
dilute  acetic  acid  for  the  rapid  demonstration  of  these  para- 
sites, as  it  removes  the  anno.ying  red  blood-corpuscles  without 
destro^dng-  the  parasites.  According  to  Laveran,  the  addition 
of  water  is  better,  as  it  does  not  kill  the  amoebae  so  soon  as 
acetic  acid  does,  but  allows  them  to  continue  their  peculiar 
movements. 
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